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Abstract 
 
This study was conducted at the Department of Biochemistry, Faculty 
of Veterinary medicine, University of Khartoum to study the effect of the N. 
sativa oil on some hematological parameters and iron metabolism in sheep. 
A total of twelve healthy male sheep were used, their ages ranged 
from 3 to 6 month’s and weights from 13 to 26 kg. They were divided into 
two equal groups of similar weights. One group was treated with 4.7% N. 
sativa oil mixed with their feed for six weeks, while the other was kept as 
control group. Blood samples were collected from the jugular vein for the 
investigation of the total white blood cells (WBCs) count, and deferential 
(WBCs), hemoglobin (Hb) concentration, packed cell volume (PCV), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin  concentration 
(MCHC), iron concentration, total iron binding capacity (TIBC), transferrin 
saturation (TS%) and ceruloplasmin activity, the results revealed the 
following; 
1. Blood erythrocytes (RBCs) count total mean value the N. sativa oil treated 
group showed no significant differences compared to the control, but 
(RBCs) count decreased (P<0.05) significantly in the treated group in the 
second week then increased (P<0.05) significantly at week four followed by 
gradual increase to the end of the experiment, whereas no changes in the 
control group were observed.  
2. Hemoglobin concentration total mean value of the treated group was not 
significantly different compared to the control. Hb concentration decreased 
(P<0.05) significantly in the treated group in the second week followed by 
gradual significant (P<0.05) increase to the end of the experiment, where as 
 XII
in the control group there was significant (P<0.05) increase observed in the 
last two weeks only. 
3. PCV, MCV and MCHC, were not affected by feeding 4.7% N. sativa oil 
to sheep compared to the control.  
4. A significant (P<0.05)lower level in the total (WBCs) count mean value 
in the N. sativa oil treated group compared to control was observed. Both 
groups showed similar pattern of significant (P<0.05) increase at week two 
which significantly (P<0.05) decreased at week four, and increased again in 
week six, but with significant (P<0.05) level compared to time zero only in 
the control group. 
5. Deferential (WBCs) count showed that 
• Lymphocytes and granulocytes total mean values showed 
significantly (P<0.05) lower levels in the treated group compared to 
the control group. The pattern followed in the count of both 
lymphocytes and granulocytes were similar to the behavior of the 
WBCs. 
• Monocytes count total means was not affected by feeding 4.7% N. 
sativa oil to sheep, but the count showed significantly (P<0.05) lower  
level in the treated group compared to the control at week four  
6. Iron concentration, TS% and ceruloplasmin activity of the N. sativa oil 
treated group also were not significantly different compared to the control.  
7. TIBC total mean of the N. sativa oil treated group showed significantly 
(P<0.05) higher value compared to the control. TIBC of the treated group 
showed significant (P<0.05) decrease at week two didn’t change 
significantly to the end of experiment. In the control group there was no 
significant change observed in all weeks. 
 XIII
8. The body weight showed significant (P<0.05) elevation from the starting 
of the experiment towards the last week for the N. sativa oil treated group, 
but in the control group the elevation was not significant .Whereas the total 
mean of the N. sativa oil treated group body weight was not significantly 
different compared to the control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VIX 
 ﺨﻼﺼﺔ ﺍﻻﻁﺭﻭﺤﻪ
  
 ﺒﻜﻠﻴﺔ ﺍﻟﻁﺏ ﺍﻟﺒﻴﻁﺭﻯ ﺒﺠﺎﻤﻌﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻟﻤﻌﺭﻓﺔ ﺔ ﺒﻘﺴﻡ ﺍﻟﻜﻴﻤﻴﺎﺀ ﺍﻟﺤﻴﻭﻴﺔﺴﺍﻩ ﺍﻟﺩﺭﺫﺠﺭﻴﺕ ﻫﺃ
  .ﺘﺎﺜﻴﺭ ﺯﻴﺕ ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﻋﻠﻰ ﺒﻌﺽ ﻗﻴﺎﺴﺎﺕ ﺍﻟﺩﻡ ﻭﺍﻴﺽ ﺍﻟﺤﺩﻴﺩ ﻓﻰ ﺍﻟﻤﺠﺘﺭﺍﺕ ﺍﻟﺼﻐﻴﺭﻩ
 62- 31 ﺸﻬﻭﺭ ﻭﺍﻭﺯﺍﻨﻬﺎ ﻤﺎﺒﻴﻥ 6-3ﻜﺭ ﺘﺘﺭﺍﻭﺡ ﺍﻋﻤﺎﺭﻫﺎ ﻤﺎﺒﻴﻥ ﺬ  ﺨﺭﻭﻑ 21ﺘﻡ ﺍﺨﺘﻴﺎﺭ 
ﻋﻭﻟﺠﺕ ﺍﺤﺩﻯ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ .ﺠﻤﻭﺘﻴﻥ ﻤﺘﺴﺎﻭﻴﺘﻴﻥ ﻭﺒﺎﻭﺯﺍﻥ ﻤﺘﺴﺎﻭﻴﻪﻡ ﺜﻡ ﻗﺴﻤﺕ ﺍﻟﻰ ﻤﻜﻴﻠﻭ ﺠﺭﺍ
 ﺒﻴﻨﻤﺎ ﺍﻋﺘﺒﺭﺕ ﻓﻰ ﺍﻟﻤﺎﺌﻪ  ﻟﻤﺩﺓ ﺴﺘﻪ ﺍﺴﺎﺒﻴﻊ 7.4 ﺍﺀ ﺒﺘﺭﻜﻴﺯﺫﻟﻠﻐﺎﻀﺎﻓﺔ  ﺯﻴﺕ ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﺒ
ﺜﻡ ﺠﻤﻌﺕ ﺍﻭل ﻋﻴﻨﺎﺕ ﻤﻥ ﻤﺼل ﺍﻟﺩﻡ ﻗﺒل ﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﻪ ﺜﻡ . ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻻﺨﺭﻯ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ
 ﻟﻘﻴﺎﺱ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ ﺍﻟﻜﻠﻴﻪ ﻭ ﺍﻟﺘﻔﺭﻴﻘﻴﻪ ،ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤﺭﺍﺀ،  ﺒﻌﺩ ﺍﺴﺒﻭﻋﻴﻥ ﻓﻰ ﻜل ﻤﺭﻩ
ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ، ﺍﻟﻬﻴﻤﺎﺘﻭﻜﺭﺕ، ﺘﺭﻜﻴﺯ ﺍﻟﺤﺩﻴﺩ، ﺘﺸﺒﻊ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻨﺎﻗل ﻟﻠﺤﺩﻴﺩ ﻭ ﻨﺸﺎﻁ ﺍﻟﺒﺭﻭﺘﻴﻥ 
 ﺍﻟﻨﺘﺎﺌﺞ ﺍﻅﻬﺭﺕ ﺍﻻﺘﻰ. ﺍﻟﻨﺎﻗل ﻟﻠﻨﺤﺎﺱ
 ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﻟﻡ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﻠﻰ ﻟﺤﺴﺎﺏ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤﺭﺍﺀ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﻤﻌﺎﻟﺠﻪ ﺒﺯﻴﺕ .1
ﻴﻅﻬﺭ ﻓﺭﻗﺎ ﻤﻌﻨﻭﻴﺎ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ،ﺒﻴﻨﻤﺎ ﺍﻅﻬﺭﺕ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤﺭﺍﺀ ﺍﻨﺨﻔﺎﻀﺎ  ﻓﻰ 
ﺍﻻﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻰ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﺘﻰ ﺍﻋﻁﻴﺕ ﺯﻴﺕ ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﺜﻡ ﺍﺭﺘﻔﺎﻋﺎ ﻤﻌﻨﻭﻴﺎ ﻓﻰ ﺍﻻﺴﺒﻭﻉ 
  .ﺍﻟﺴﺎﺩﺱ ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﻼﺤﻅ ﺤﺩﻭﺙ ﺍﻯ ﺘﻐﻴﻴﺭﻤﻌﻨﻭﻯ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ 
ﻜﻠﻰ ﻟﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﻤﻌﺎﻟﺠﻪ ﺒﺯﻴﺕ ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﻟﻡ ﻴﻅﻬﺭ ﻓﺭﻗﺎ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟ .2
ﻤﻌﻨﻭﻴﺎ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ،ﺒﻴﻨﻤﺎ ﺍﻅﻬﺭ ﺍﻨﺨﻔﺎﻀﺎ ﻤﻌﻨﻭﻴﺎ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﺘﻰ ﺍﻋﻁﻴﺕ ﺯﻴﺕ 
 .ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﻓﻰ ﺍﻻﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻰ ،ﻭ ﻟﻡ ﻴﻜﻥ ﻫﻨﺎﻟﻙ ﺍﺨﺘﻼﻑ ﻋﻥ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ﻓﻰ ﺒﻘﻴﺔ ﺍﻻﺴﺎﺒﻴﻊ
ﺘﻭﻜﺭﻴﺕ، ﻭﺍﻟﺤﺠﻡ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﺭﻭﻯ، ﻭﻤﺘﻭﺴﻁ ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﻟﻜﺭﻭﻯ  ﻟﻡ ﺘﺘﺎﺜﺭ ﺍﻟﻬﻴﻤﺎ .3
  .ﺍﺀ ﺍﻟﺨﺭﺍﻑ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁﺫﺒﺎﻀﺎﻓﺔ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﻟﻐ
 ﺍﻨﺨﻔﺎﻀﺎ ﻤﻌﻨﻭﻴﺎ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﺘﻰ ﺍﻋﻁﻴﺕ  ﺍﻟﻜﻠﻴﻪﻟﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﻠﻰ ﺍﻅﻬﺭ  .4
 ﻤﻥ ﺍﺭﺘﻔﺎﻉ ﻭﺫﻥ ﻨﻔﺱ ﺍﻟﺤﻴ ﻜﻠﺘﺎ ﺍﻟﻤﺠﻤﻭﻋﺘﺕﺫﺤ.  ﺯﻴﺕ ﺍﻟﺤﺒﻪ ﺍﻟﺴﻭﺩﺍﺀ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ
 ﺜﻡ ﺍﺭﺘﻔﻊ ﺜﺎﻨﻴﺔ ﻓﻰ ﺎﻻﺴﺒﻭﻉ ﺍﻟﺭﺍﺒﻊﺒ ﻯ ﺍﻨﺨﻔﺽ ﺒﺼﻭﺭﻩ ﻤﻌﻨﻭﻴﻪ ﺫﻤﻌﻨﻭﻯ ﻓﻰ ﺍﻻﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻰ ﻭﺍﻟ
   .، ﻭﻟﻜﻥ ﺒﺼﻭﺭﻩ ﻤﻌﻨﻭﻴﻪ ﺒﺎﻟﻨﺴﺒﻪ ﻟﻠﻜﻨﺘﺭﻭل ﻓﻘﻁﺍﻻﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱ
VX 
 
  ﺍﻻﺘﻰ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ ﺍﻟﺘﻔﺭﻴﻘﻴﻪ ﺍﻅﻬﺭﺕ .5
 ﺍﻨﺨﻔﺎﻀﺎ ﻤﻌﻨﻭﻴﺎ  ﻓﻰ ﺤﺒﺒﻪ ﻭﺍﻟﻤﻪﺍﻟﻠﻴﻤﻔﺎﻭﻴ  ﺍﻟﺒﻴﻀﺎﺀﻜﺭﻴﺎﺕ ﺍﻟﺩﻡﻟﻅﻬﺭ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﻠﻰ ﺃ •
ﻭ ﺍﻟﻤﺘﺒﻊ ﻓﻰ ﺫ،ﻭﻜﺎﻥ ﺍﻟﺤ ﺍﻟﺴﻭﺩﺍﺀ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁﺍﻟﻤﺠﻤﻭﻋﻪ ﺍﻟﺘﻰ ﺍﻋﻁﻴﺕ ﺯﻴﺕ ﺍﻟﺤﺒﻪ 
 .  ﻟﻠﻴﻤﻔﺎﻭﻴﺎﺕ ﻭﺍﻟﻤﺤﺒﺒﺎﺕ ﻤﺸﺎﺒﻬﺎ ﻟﻠﺴﻠﻭﻙ ﺍﻟﻤﺘﺒﻊ ﻓﻰ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ ﺍﻟﻜﻠﻴﻪﺤﺴﺎﺏ ﻜل ﻤﻥ
 ﺍﺀ ﺍﻟﺨﺭﺍﻑ ،ﺒﻴﻨﻤﺎﺫﻻﺤﺎﺩﻴﻪ ﺒﺎﻀﺎﻓﺔ ﺍﻟﺯﻴﺕ ﻟﻐ ﺍﻟﻜﺭﻴﺎﺕ ﺍﻟﺒﻴﻀﺎﺀ ﺍ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﻠﻰﺘﺎﺜﺭ ﻟﻡ ﻴ •
 ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﺎﹰ ﻤﻌﻨﻭﻴﻨﺨﻔﺎﺽﺇ ﺔﺕ ﺍﻟﺨﻼﻴﺎ ﺍﻟﺒﻴﻀﺎﺀ ﺍﻻﺤﺎﺩﻴﺭﻅﻬﺃ
  .ﺍﻟﻀﺒﻁ ﻓﻰ ﺍﻻﺴﺒﻭﻉ ﺍﻟﺭﺍﺒﻊ
ﻀﺎﻓﺔ ﺈﺱ ﻟﻡ ﺘﺘﺎﺜﺭ ﺒ ﺍﻟﻨﺎﻗل ﻟﻠﻨﺤﺎﻭﻨﺸﺎﻁ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺘﺸﺒﻊ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻨﺎﻗل ﻟﻠﺤﺩﻴﺩ، ﺘﺭﻜﻴﺯﺍﻟﺤﺩﻴﺩ، .6
  . ﺍﻟﺨﺭﺍﻑ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ﺍﺀﺫﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﻟﻐ
ﺇﺭﺘﻔﺎﻋﺎ ﻤﻌﻨﻭﻴﺎﹰ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺭﺘﺒﺎﻁ ﺒﺎﻟﺤﺩﻴﺩ ﺔ ﺍﻟﻜﻠﻴﺔ ﻟﻺﻅﻬﺭﺕ ﺍﻟﺴﻌﺃ .7
 ﺍﹰﺘﻐﻴﻴﺭﺘﺒﻌﻪ ﻴ  ﻟﻡ ﻓﻰ ﺍﻻﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻰﺎﹰ ﻤﻌﻨﻭﻴﺎﹰﻨﺨﻔﺎﻀﺇ ﺃﻅﻬﺭﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ .ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ
   .ﺭﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ﻓﻰ ﻜل ﺍﻻﺴﺎﺒﻴﻊ، ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﻼﺤﻅ ﺤﺩﻭﺙ ﺘﻐﻴﻴﺔ ﺤﺘﻰ ﻨﻬﺎﻴﺔ ﺍﻟﺘﺠﺭﺒﺎﹰﻴﻤﻌﻨﻭ
ﺨﺭ ﺁ ﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﻪ ﻭﺤﺘﻰ ﺫ ﻤﻨﺇﺭﺘﻔﺎﻋﺎﹰ ﻤﻌﻨﻭﻴﺎﹰﻅﻬﺭﺕ ﺃ ﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻟﻠﻤﺠﻤﻭﻋﺔﺍﻻﻭﺯﺍﻥ ﺍﻟﺠﺭﺍﻤﻴ .8
 ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﻅﻬﺭ . ﻓﻰ ﺍﻻﻭﺯﺍﻥﺎﹰ ﻤﻌﻨﻭﻴﻙ ﺇﺭﺘﻔﺎﻋﺎﹰﻟ ﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ ﻓﻠﻡ ﻴﻜﻥ ﻫﻨﺎﺃﻤﺎ ﺒﺎﻟﻨﺴﺒﺔﺍﺴﺒﻭﻉ، 
 ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺎﹰ ﻤﻌﻨﻭﻴﺎﹰ ﺍﻟﺴﻭﺩﺍﺀ ﻓﺭﻗﺔ ﺒﺯﻴﺕ ﺍﻟﺤﺒﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﻟﻠﻤﺠﻤﻭﻋﺔﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻜﻠﻰ ﻟﻼﻭﺯﺍﻥ ﺍﻟﺠﺭﺍﻤﻴ
 .ﻤﻭﻋﺔ ﺍﻟﻀﺒﻁﻤﺠ
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 Introduction 
Seeds of N. sativa are frequently used in folk medicine in the 
Middle East and some Asian countries for the promotion of good health 
and treatment of many ailments including fever, common cold, headache, 
asthma, rheumatic diseases, and various microbial infections and to expel 
worms from the intestine. It is also used for scorpion and spider stings 
and bites of snake, cat and dog. In addition, it is used as a flavoring 
additive to bread and prickles (El-Kadi; Kandil, 1986 and Al-Jishi, 2000). 
  The multiple use of N. sativa in the folk medicine encouraged 
many investigators to isolate the possible active components and to 
conduct in vivo and in vitro studies on laboratory animals and human 
beings in order to understand its pharmacological actions. These include 
immune stimulation (El-Kadi and Kandil, 1986), anti-inflammatory 
(Houghton et al, 1995), anti-cancer (Salomi et al, 1991), anti-microbial 
(Topozada et al, 1965 and El-Fatatry, 1975), anti-parasitic (Akhtar and 
Riffat, 1991), anti-oxidant (Nair et al, 1991 and Badary et al, 2000) and 
hypoglycemic effects (Al-Awadi and Gumma, 1987), etc. El-Dakhakhny 
et al, (2000) investigated the effect of N. sativa oil on gastric secretion 
and ethanol-induced ulcer in rats.  In Unani medicine N. sativa is used for 
stomachache and as a digestive, carminative, laxative and anti-jaundice 
(El-Kadi and Kandil, 1986).  
All previous studies detect the biochemical and hematological 
changes induced by the N. sativa in mono gastric animals, but no work 
was done in ruminants. Therefore, the main objective of this study is to 
determine the effect of the N. sativa oil on the following blood parameter 
in sheep: 
• White blood count (WBC) and deferential. 
• Red blood cells (RBC). 
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• Hemoglobin (Hb) concentration. 
• Packed cell volume (PCV). 
• Mean corpuscular volume (MCV). 
• Mean corpuscular hemoglobin concentration (MCHC). 
• Iron concentration. 
• Total iron binding capacity(TIBC). 
• Transferrin saturation (TS %). 
• Ceruloplasmin activity. 
• Body weight. 
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Chapter one        
Literature review 
  
1.1 Nigella sativa 
Black Seed, Black Cumin, Kalunji, Nutmeg Flower, Kalajira, and 
Roman Coriander are all commonly used names for the herbaceous plant;   
N. sativa .This plant is widely distributed, belonging to the botanical 
family Ranunculaceae. The genus Nigella is native to the Mediterranean 
region and Western Asia, the name being derived from the Latin word 
niger, meaning black, in reference to the colour of the seeds (Mokashi, 
2004). 
In Sudan it is known as Black cumin. Black seed grows 
successfully as a local crop in the northern part of Sudan and Darfur State 
especially in Melleit and Jebel Marra (Andrews, 1950).  
N. sativa has an erect 30 cm branched stem. The leaves consist of 
2-3 cm segments, linear to oblong-lanceolate in shape. The flowers are 
3.5-4.5 cm in diameter, and are white tinged blue, without involucres; 
Figure (1).The fruits are inflated follicles, 3-7 in number, fused to the 
base of the outspread styles, forming a capsule containing the seeds 
(Hukley, 1992). Amore extensive description of N. sativa can be found in 
Tutin et al, (1964); Rechinger, (1964) and Davis et al, (1965). 
 N. sativa has an extensive history going back thousands of years. 
It was referred to 1400 years ago by the prophet Mohammed of Islam 
(God pray upon him) as having healing powers for every illness except 
death (Khan, 1976). 
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Figure .1   N. sativa flower and seeds, represented by (Mokashi, 2004). 
On the Indian subcontinent, Black Seed has been used for hundreds 
of years as a natural remedy for many health conditions and diseases. N. 
sativa was first botanically described and characterized in 1753 (Abou-
Basha et al, 1995). The seed has been used as a spice in cooking, and as a 
preservative for cheese products (El Sayed et al, 1994). Raw seeds, seed 
oil, or seed extract have been used alone or in combination with other 
ingredients, as a traditional medicine in the treatment of various health 
conditions, such as eczema, cough, headache, diabetes, asthma, infection, 
and hypertension (Mokashi, 2004). 
1.1.1 Chemical composition of N. sativa 
 In recent years, the seeds of N. sativa have been subjected to a 
growing number of phytochemical and pharmacological investigations. 
The chemical composition of the seed has been determined using a 
variety of analytical and spectroscopic techniques (Houghton et al, 1995; 
Aboul-Enein and Abou-Basha, 1995 and Abou-Basha et al, 1995). Also, 
pharmacological activities of seed extracts have been documented, 
including activities against human and animal diseases, and against pests 
(Kumar, 1989; Schweig, 1999 and Khan, 1999). Unfortunately, only a 
few studies have related certain biological activities to specific chemical 
entities in black seed. One particular chemical entity found in N. sativa is 
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thymoquinone. Mahfouz and El- Dakhakhny, (1960) reported the 
identification of “a polymer of the active principle” and named it 
nigellone: This component was separated from the essential oil of the 
seed. 
Three years later, El-Dakhakhny, (1963) isolated a crystalline 
substance from the essential oil, which he identified as thymoquinone; 
Figure (2). Ghosesh et al, (1999) demonstrated that this component is the 
major constituent of N. sativa. Since its discovery it has been 
demonstrated to exhibit anti-microbial, antioxidant, antihistaminergic, 
anti-inflammatory, anti-diabetic, analgesic, anti-pyretic, and 
antineoplastic activity. It’s the anti-neoplastic activity, which has recently 
gained a significant amount of attention. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.2 Chemical structure of Thymoquinone 
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Table.1 Chemical compositions of N. sativa seed, including active 
principles, (Randhawa and Al-Ghamdi, 2002)  
Group Sub-group Components 
  
Unsaturated 
fatty acids 
  
Arachidonic, eicosadienoic, linoleic, 
linolenic, oleic and almitoleic acid. 
Saturated 
fatty acids 
Palmitic, stearic and myristic acid . 
 
 
 
 
 
Fixed oil 
(32-40 %) 
 Sterols 
Beta-sitosterol, cycloeucalenol, 
cycloartenol, sterol esters and sterol 
glucosides. 
Volatile oil 
(0.4-0.45 %) 
 
Nigellone, thymoquinone, 
thymohydroquinone,dithymoquinone, 
thymol, carvacrol, α & β-pinene, d-
limonene, d-citronellol, 
p-cymene and 2-(2-methoxypropyl)-
5-methyl- 1.4 benzenediol. 
` 
Proteins 
(16-19.9 %) 
Amino acids 
  
Arginine, glutamic acid, leucine, 
lysine, methionine, tyrosine, proline 
and threonine, etc. 
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Alkaloids 
  
 
 
Nigellicine, nigellidine, 
nigellimine-N- oxide. 
 
Coumarins  
6-methoxy-coumarin 
7-hydroxy-coumarin 
7-oxy-coumarin. 
Triterpenes   
 
Alpha-hedrin. 
 
Saponins 
 
Steroidal 
Steryl – glucosides, Acetyl – steryl-
glucoside. 
 
Minerals 
(1.79-3.74 %)
Calcium, phosphorous, potassium, 
sodium and iron. 
 
Carbohydrates (33.9%) 
Fiber (5.5 %) 
Water (6 %) 
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1.1.2 Systemic effect of N. sativa 
1.1.2.1 Effect on Immune System 
As a natural remedy people take N. sativa seed or oil as a promoter 
of good health and for the prophylaxis of common cold and asthma.  El-
Kadi and Kandil, (1986) investigated the effect of N. sativa on immune 
system and reported that the administration of 1gram twice daily in 
human volunteers enhanced immune functions as manifested by 
improved helper T cell  (T4) to suppressor T cell (T8) ratio and an 
improved natural killer cell activity. However, there was a decrease in 
the immunoglobulin (IgA, IgG and IgM) levels. 
Omer, (2001) studied the effect of the N. sativa seeds on anti body 
production and phagocytic activity in rabbits, she found that the Anti- 
bovine serum albumin (Anti-BSA) antibody production was increased 
significantly after immunization in all N. sativa groups. She also found 
that the phagocytic activity was improved in all groups by feeding N. 
sativa seeds. 
1.1.2.2 Effects on the Respiratory System 
 In Saudi Arabia and neighboring countries N. sativa seeds and oil 
are commonly used for the treatment of asthma. Nigellone (a carbonyl 
polymer of thymoquinone) proved to be an excellent prophylactic agent 
for both bronchial asthma and asthmatic bronchitis and was more 
effective in children than adults (Badar El-Din; Mahfouz and El-
Dakhakhny, 1960). El-Sayed, (1994) has also reported the use of N. 
sativa in asthma in the traditional medicine. However, El-Tahir et al, 
(1993) observed that N. sativa volatile oil induced dose dependent 
increase in the respiratory rate and the intra-tracheal pressure, which were 
antagonized by mepyramine, atropine and reserpine but not by 
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indomethacin, diethyl-carbamazine or hydrcortisone. A central 
mechanism was suggested for these effects.  
  Apparently, these observations seem to be in contrary to the 
antihistaminic effect reported by El-Dakhakhany, (1982) and its use in 
the folk medicine for asthma. However, in a later study, aqueous extract 
of N. sativa competitively and the macerated extract non-competitively 
antagonized methacholine induced contractions of isolated guinea-pig 
tracheal chain. Similarly, crude extract of N. sativa has also been shown 
to cause relaxation of carbachol, histamine and K + induced contractions 
of isolated guinea-pig trachea (Gilani et al, 2001). 
1.1.2.3 Effect on Cardiovascular System 
 In Arabian folk medicine whole seeds of N. sativa alone or in 
combination with honey or garlic are used for the treatment of 
hypertension, which drew the attention of EL-Tahir et al, (1993) to 
investigate the effects of N. sativa on the cardiovascular system. Volatile 
oil and thymoquinone produced a dose dependent decrease in the arterial 
blood pressure and the heart rate. These effects were significantly 
antagonized by atropine, cyproheptadine, hexamethonium and spinal 
pithing. However, reserpine only antagonized the effects of low doses of 
volatile oil but not of thymoquinone. They suggested that these effects 
were centrally mediated, mainly via the involvement of both the 5-
hydroxytryptaminergic and muscarinic mechanisms. Similarly, an oral 
dose of 0.6 ml/kg/day of N. sativa extract produced a significant 
hypotensive effect in spontaneously hypertensive rats comparable to that 
of 0.5 mg/kg/day of oral nifedipine (Zaoui et al, 2002).This effect was 
concluded to be partially due to the diuretic effect of N. sativa, which was 
comparable to 0.5 mg/kg/day furosemide or by other mechanisms as 
mentioned above. 
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1.1.2.4 Effect on Genito-Urinary System 
 In Unani medicine N. sativa is promoted for the treatment of 
oligomenorrhoea, to induce menstruation and to treat infertility (Al-Jishi, 
2000). 
El-Naggar and El-Deib, (1992) reported that N. sativa crude oil 
induced uterine contractions both in vivo in pregnant rabbits and in vitro 
of non-pregnant rat uteri. Similarly, Keshri et al, (1995) found that the 
hexane extract of N. sativa exhibited mild uterotropic activity and 
prevented pregnancy in rats when given on day 1-10 post-coitum.  
  On the contrary, Aqel and Shaheen, (1996) reported that volatile oil 
of N. sativa inhibited spontaneous contractions of rat and guinea pig 
uterine smooth muscle and those induced by oxytocin. Similarly, 
treatment of pregnant rats with fixed oil of N. sativa for 2 weeks 
significantly suppressed PGE2 and oxytocin – induced contractions of 
isolated rat uteri treated with diethylstilboesterol, suggesting the potential 
use of N. sativa oil in the uterine disturbances associated with 
prostaglandin and oxytocin induced increased contractility e.g. some 
dysmenorrhoeas, premature deliveries and habitual abortions ( El-Tahir et 
al, 1999).These differences may be due to the different doses, 
preparations and the animal species used.    
1.1.2.5 Effect on Gastro-Intestinal Tract 
 In Unani medicine N. sativa is used for stomachache and as a 
digestive, carminative, laxative and anti-jaundice (El-Kadi and Kandil, 
1986). Oral N. sativa powder was reported to relieve flatulence by 
Chopra et al, (1956). While Nigellone; an active principle of N. sativa 
was found to antagonize histamine induced contractions of guinea pig 
intestine. In addition, Mahfouz et al, (1960) and El-Dakhakhny, (1965) 
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reported a choleretic effect of N. sativa oil and its active principles 
(thymoquinone, thymohydroquinone and dithymoquinone), respectively.  
  El-Dakhakhani et al, (2000) investigated the effect of N. sativa oil on 
gastric secretion and ethanol-induced ulcer in rats. Significant increase in 
mucin content, glutathione level as well as a significant decrease in mucosal 
histamine content and ulcer formation, with a protection ratio of 53.56 %, 
was found in the N. sativa oil pretreated group. More recently, the crude 
extract of N. sativa was shown to cause a dose – dependent(0.1 – 3.0 mg/ml) 
relaxation of spontaneous contractions of rabbit jejunum as well as 
inhibition of K + – induced contractions in a similar dose range, suggestive 
of calcium channel blockade (Gilani et al,  2001).  
1.1.3 Medical uses of N. sativa 
1.1.3.1 N. sativa’s potential role in cancer therapy 
Salomi et al, (1992) studied the antitumor activity of a methanolic 
extract of N. sativa seed against different types of cancer cells in vitro, and 
demonstrated a 50% cytotoxicity of this extract against Ehrlich Ascites 
Carcinoma, Dalton’s Lymphoma Ascites, and Sarcoma-180 cells at 
concentrations of 1.5, 3, 1.5 µg/ml, respectively, with little toxicity against 
lymphocytes. Cell growth of KB (human epidermal carcinoma of the mouth) 
cells was also inhibited (approximately 60%) by the active principle of N. 
sativa at a concentration of 0.5 µg/ml, while K-562 (human erythroleukemic 
cells) resumed growth at near control values on days two and three. Tritiated 
thymidine incorporation studies indicated that the action of the active 
principle was possibly at the DNA level. 
Salomi et al, (1991) found that topical application of a methanolic 
extract of N. sativa inhibited two-stage initiation/promotion of skin 
carcinogenesis in mice. The same group also demonstrated that an injection 
(intraperitoneal) of the methanolic extract of N. sativa reduced the number 
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of soft tissue sarcomas formed in the mice induced by an initiator (33% 
treated versus 100% controls). 
Salomi et al, (1992) also studied the antitumor activity of a 
methanolic extract of the N. sativa seed against Ehrlich Ascites Carcinoma 
in vivo and demonstrated that the development of malignancy was 
completely inhibited at a dose of 2 mg/mouse per day for 10 days. 
1.1.3.2 Anti-microbial activity 
The isolation of the antimicrobial agent nigellone, of the N. sativa 
volatile oil was achieved by the refrigeration of the oil at 4 C˚ for 3 days, 
during which time white crystalline needles separated out. The chemical 
structure of the compound was deduced from its physical and chemical 
properties, as well as its ultraviolet, infrared, proton magnetic resonance, 
and mass spectral data. The volatile oil of N. sativa possesses anti-microbial 
property against gram +ve microorganisms, (El-Fatatry et al, 1975). Hanafy 
and Hatem, (1991) concluded that the ether extract of the seed caused 
concentration dependent inhibition of gram +ve organisms (Staphylo-coccus 
aureus) and gram –ve organism (Pseudomonas, E. coli). Also it inhibited the 
pathogenic yeast (Candida albicans). In addition the extract showed anti-
bacterial synergism and additive activity when combined with various 
antibiotics. Ferdous et al, (1992) examined (in vitro) the antibacterial 
activity of the volatile oil against multiple drug resistant organisms included 
many strains of Shigella spp. Vibreo cholera and E. coli. She found 
promising activity against all strains except on Dysenteriae spp. these results 
indicate that the volatile oil has therapeutic potentials against diarrhea and 
intestinal infection. Using 10% of seeds power in vitro inhibited Spergillues 
flavous toxin (Aflatoxin) by 85 – 98% but the effect on mycelial growth of 
the fungus was less pronounced (El-Shayeb and Mabrouk, 1984). N. sativa 
oil also prevented liver damage induced by Schistosoma mansoni infection 
in mice (Mahmoud et al, 2002). 
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Figure.3 Thymohydroquinone (I) structure; and that the active principle 
was found to be Thymohydroquinone (I) (El-Alfy et al, 1974). 
 
 
 
 
Table.2 Antimicrobial spectrum of the volatile oil of N. sativa seeds  
Organism Oil 1 : 25 Dilution in 
95% alcohol 
Escherichia coli + - 
Salmonella tyhi + - 
Pseudomonas aeruginosa + - 
Bacillus subtilis + - 
Staphylococcus aureus + + + 
Micrococcus lysodeikticus + + + 
Sarcina lutea + + + 
Candida albicans + - 
 The disk method was used. Symbols: + and ++, relative inhibition zones; 
- , no inhibition zone. 
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1.1.3.3 Anti-histaminic effect 
 Nigellone was very effective in inhibiting histamine released from 
rat's peritoneal mast cells (Charkavarty, 1993). The seed's oil had a 
protective effect against histamine released in induced ethanolic gastric 
ulcer in rats (El-Dakhakhny et al, 2000). 
1.1.3.4 Hypoglycemic effect 
 Al-Awadi and Gumma, (1987) have reported the use of a plant 
mixture containing N. sativa, Myrr, Gum Olybanum, Gum Asafoetida and 
Aloe by diabetics in Kuwait. They confirmed the blood glucose lowering 
effect of N. sativa, in combination with other herbs in rats. The 
mechanism of action was later investigated and appeared to be due to the 
inhibition of hepatic gluconeogenesis (Al-Awadi et al, 1991). 
 The volatile oil of N. sativa alone also produced a significant 
hypoglycemic effect on normal and alloxan-induced diabetic rabbits 
without changes in insulin levels (El-Dakhakhny, 2000) .The 
hypoglycemic effect of N. sativa in combination with other herbs on 
alloxan-induced diabetic rats (Eskander et al, 1995; El-Shabrawy and 
Nada, 1996). Furthermore, Bamosa et al, (1997) reported a significant 
decrease in blood sugar of healthy human volunteers treated with 1 gram 
of N. sativa capsules twice daily. 
1.1.3.5 Anti Oxidant Activity 
 N. sativa extracts and some of its active principles, like 
thymoquinone, have been shown to possess protective effect against 
hematological, hepatic, renal and other toxicities induced by anti-cancer 
drugs and some toxins. For example, N. sativa extract prevented the 
decreases in hemoglobin level and leucocytes count caused by cisplatin in 
mice (Nair et al, 1991). Thymoquinone and fixed oil of N. sativa were 
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also reported to inhibit non-enzymatic peroxidation in ox brain 
phospholipid liposomes (Houghton, 1995). 
1.1.3.6 Effect on blood  
            In Kuwait some people use extract of N. sativa with natural fat for 
epistaxis. In view of that the petroleum ether extract of N. sativa was 
studied for its action on blood coagulation and was reported to shorten the 
whole blood clotting time, plasma clot time and kaolin-cephalin clotting 
time of male rabbits when compared to control. In addition, a significant 
shortening of bleeding time in rats was also observed. However, there 
were no significant effects on the thrombin time or prothrombin time but 
the partial thromboplastin time was shortened while euglobulin time was 
prolonged (Ghoneim et al, 1982). 
 In contrast, N. sativa fixed oil suppressed adenosine diphosphate – 
induced platelet aggregation similarly, in both normal and diabetic rats 
(El- Tahir et al, 1999). It was also observed that the menthol soluble 
components of N. sativa oil including 2-(2-methoxypropyl)-5-methyl-1, 
4-benzenediol, thymol and carvacrol as well as 8 other related 
compounds had very strong inhibitory effect on arachidonic acid -induced 
platelet aggregation. This platelet aggregation inhibitory effect was more 
potent than that of aspirin (Sayed, 1980).  
 Bamosa et al, (1997) reported a pattern of decreased levels of 
cholesterol and triglycerides (on days 7 and 14) of healthy human 
volunteers treated with 1 gram of N. sativa capsules twice daily. This 
effect was later confirmed by El-Dakhakhny et al, (2000) using N. sativa 
oil (800 mg/kg orally for 4 weeks) in rats showing a significant decrease 
in serum total cholesterol, low density lipoprotein and triglycerides and 
an elevation of serum high density lipoprotein level. 
Babiker, (1998) showed that the red blood cells count  was 
increased gradually in all groups which received 2 and 10% w/w N. 
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sativa and reached very high level after six weeks then slightly increased 
in week seven and this level was maintained at week eight. The same 
author reported that Monocytes fall significantly (P<0.05) after the first 
week from the application of N. sativa and the decrease continued 
regularly during the rest of the experiment. He also found that the effect 
of feeding different doses of the seeds of N. sativa 2 and 10% w/w for 
considerably long periods in male and female rabbits showed an increase 
in Hb levels in all groups. 
More recently, N. sativa oil in rats has been shown to decrease the 
serum cholesterol, triglycerides and glucose levels as well as the counts 
of leukocytes and platelets by 15.5, 22, 16.5, 35 and 32 %, respectively, 
while hematocrit and hemoglobin levels increased by 6.4 and 17.4 %, 
respectively (Zaoui et al, 2002).  However, Al-Jishi, (2000) did not find 
any changes in blood cells when N. sativa was given to normal rats. 
Tissera and Dissanayke, (2001) reported that the treatment with N. sativa 
oil for one month and two months to the anemic patients showed gradual 
increase of hemoglobin percentage and the count of red blood cells. In all 
the cases (except one) the MCV value was between 96 µm3 and 85µm3. 
This indicates that most of them were in normocytic condition. After 2 
months of treatment the MCV increased to the average value of 109.8, 
which indicates the lack of iron. Meral et al, (2001) reported that the 
treatment with N. sativa increased the lowered glutathione (GSH) and 
ceruloplasmin concentrations in diabetic rabbits. Meral et al, (2004) 
demonstrated that N. sativa L. treatment increased the neutrophil 
percentage of WBCs compared to control level.  
1.1.4 Uses in animal production    
 Kershi et al, (1995) showed that hexane extract of N. sativa seeds 
given orally to Sprague-Dawely rats at dose rate of 2 mg/kg for 10 days 
post coitum, prevented pregnancy. Also the seed fractions showed anti-
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fertility activity. However, Vihan and Panwar, (1987) reported that seeds 
powder mixed with concentrates given to lactating goats resulted in 
significant increase in milk yield during and post treatment period. So it 
had a glactogogue activity. Musa, (1997) showed that N. sativa seeds at 
adose of 1.0, 0.5 and 0.25 g/kg body weight/day, had toxic effect in goats 
and death occurred between 12–17 day and the toxicity was characterized 
by chemical, biochemical and pathological changes in liver, kidneys and 
intestine.  
1.1.5 Other uses of the N. sativa 
 N. sativa has another medical uses such as taking mixture of the seeds 
and honey orally to stimulate the appetite. The seeds were also used as 
remedy for toothache, headache, migraine, hemorrhoids, influenza and 
general anti-poison remedy (Bolous, 1983). Also it was used as a medicine 
for stiffness of joints and eczema (Houghton et al, 1995). Moreover, 
Ghoneim, (1982) reported the effect of N. sativa seed on blood coagulation. 
Traditionally in the Middle East the seeds are used as a condiment, 
flavouring of food and sprinkling on the bread (Gutb, 1980).   
1.2 Lipid digestion and metabolism in ruminant 
Fat is an important energy component in the diet of ruminants and 
over the last decade fat supplementation has become a common practice 
to increase the energy density of the diet for high producing dairy cows. 
Recent advances have renewed the interest in dietary fats and lipid 
metabolism. Once, development is improved analytical procedures which 
have revealed the complex pattern of fatty acids that are produced in the 
rumen and incorporated into ruminant meat and milk fat. The old adage 
“what you eat is what you get” is clearly incorrect in the case of dietary 
lipids and ruminant animals, and this is of special importance given 
recent efforts to include lipid metabolism in dynamic models of ruminant 
digestion. Following absorption, a major fate of fatty acids is their 
 18
oxidation for energy; however, a second recent development is the 
recognition that specific fatty acids produced in the rumen also play a 
critical role as signaling molecules involved in the expression of specific 
genes and the regulation of metabolic processes. Finally, recent 
discoveries in the functional foods area indicated that specific fatty acids 
produced in the rumen may have beneficial effects on human health, and 
there is a keen interest in the possibility of designing natural food 
products with enhanced levels of these fatty acids (Bauman et al, 2003). 
1.2.1 Fats in dietary ingredients 
Drackley, (2004) sited that the term “lipid” refers to a broad class of 
substances that are insoluble in water or other aqueous solvents, but are 
soluble in organic solvents such as ether, chloroform, hexane, acetone, 
and certain alcohols. Most normal forages, grains, and byproducts contain 
some amount of lipid. Focus here only is on those lipids that are found as 
part of feed stuffs or as commercial fat supplements which provide a 
source of fatty acids as energy-yielding nutrients to cows. The major lipid 
constituents in dairy cow nutrition are:  
Triglycerides: Major lipid type found in cereal grains, oilseeds, 
animal fats and byproduct feeds. It’s the type of lipid making up milk fat. 
 Glycolipids: Major lipid type found in forages, surface of milk fat 
globules. It’s also important in the digestion of cow’s free fatty acids in the 
small intestine.  
Phospholipids: Minor components of most feeds. Form the cell 
membrane of all animal cells, and the surface of milk fat globules. It’s also 
important in fat digestion in the small intestine of cows. 
Free fatty acids: Minor component of dairy feeds, but major 
component of certain fat supplements (Energy Booster 100, and calcium 
soaps of fatty acids such as Megalac after going through the abomasum). 
Major forms of transport of fatty acids in the cows blood same as 
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nonesterified fatty acids or (NEFA). Within each of these classes there is 
considerable variability due to chemical makeup that results in different 
physical characteristics of the fat (Drackley, 2004). 
1.2.1.1 Triglycerides 
The basic unit of triglycerides is a molecule of glycerol (a three-
carbon alcohol) combined with three fatty acid molecules. The term “fat” 
generally means a triglyceride that is solid or semi-solid at typical 
environmental temperatures, whereas “oil” is a triglyceride that is liquid 
at working temperatures. Whether the lipid is a fat or oil largely depends 
on the fatty acids that are attached to the glycerol backbone. For example, 
beef fat trimmed from a cut of meat is a semi-solid at room temperature, 
but corn oil is liquid. Both are triglycerides, but the beef fat has a higher 
melting point because of its greater content of saturated fatty acids, and 
corn oil is liquid because it is very high in unsaturated fatty acids. 
Chemically, unsaturated fatty acids contain one or more double bonds 
linking the carbon atoms of their chain. Introduction of double bonds 
causes a “kink” in the otherwise straight-chain structure of the fatty acid 
molecule, and this “kinking” means that the fatty acids pack less tightly 
with one another, making the oil liquid at colder temperatures. The 
appropriate mix of saturated and unsaturated fatty acids gives the 
triglyceride the correct physical properties for a particular organism. For 
example, at body temperature the triglycerides of beef muscle are mostly 
fluid; seed oils must remain fluid at extremely low environmental 
temperatures and so contain mostly unsaturated fatty acids. The purpose 
of triglycerides in plants or animals is to store energy. As components of 
dairy cow rations, triglycerides are mostly broken down in the rumen to 
release the fatty acids and the glycerol, unless the triglyceride is 
extremely saturated (e.g. a highly hydrogenated tallow, grease, or 
vegetable oil) (Drackley, 2004). 
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1.2.1.2 Glycolipids 
The lipids of forage stems and leaves are primarily glycolipids, 
which are similar to triglycerides except they have two or more sugars 
linked to one position of the glycerol backbone instead of the third fatty 
acid. The most common are galactolipids, which have galactose (a 
component sugar of milk lactose) linked to the glycerol. The two fatty 
acids that make up the glycolipids are generally unsaturated. Glycolipids 
are structural components of plant tissues. In most forage, whether fresh, 
dry, or ensiled, glycolipids are fairly completely broken down in the 
rumen of the cow (Drackley, 2004). 
1.2.1.3 Phospholipids 
Drackley, (2004) discussed the phospholipids that make up the cell 
membranes of plants and animals. They consist of a glycerol backbone 
with two fatty acids attached, with the third position of glycerol attached 
to a phosphate group that links an organic base such as choline, 
ethanolamine, serine, or inositol to the molecule. In the rumen, bacteria 
largely remove the base group and fatty acids from the phospholipids in 
dietary ingredients. However, the protozoa and bacteria in the rumen also 
make their own phospholipids for their cell membranes. Usually, 
therefore, the amount of phospholipids leaving the rumen is more than the 
amount consumed by the cow in the diet. 
1.2.1.4 Free fatty acids 
Free fatty acids are not attached to a glycerol molecule. Fatty acids 
in feeds consist of a hydrocarbon chain ranging in length from 14 to 18 
carbons. Marine oils such as fish oil also contain longer-chain fatty acids 
with 20 to 24 carbon atoms in their chains. Saturated fatty acids have all 
the carbon atoms linked with single bonds, while unsaturated fatty acids 
have one or more double bonds. The first double bond is found linking 
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the ninth and tenth carbons, while additional double bonds are located 
farther down the chain away from the acid head group. The most 
abundant fatty acid in forages is linolenic acid, which contains 18 carbon 
atoms with three double bonds in the chain. Linolenic acid is abbreviated 
therefore as 18:3, indicating the number of carbons and the number of 
double bonds. In cereals and oilseeds, the most abundant fatty acid is 
linoleic acid, or 18:2. Both these fatty acids are called “polyunsaturated” 
fatty acids, or PUFA, because they contain two or more double bonds. In 
animal fats, oleic acid or 18:1 is the most common fatty acid. Oleic acid 
is a “monounsaturated” fatty acid. In cows’ milk fat, palmitic acid (16:0) 
is the most common fatty acid. This saturated fatty acid is also the most 
abundant fatty acid in palm oil, from which it gets its name. In ruminant 
milk and body fat, stearic acid (18:0) is also fairly abundant because it 
results from bacterial modification of dietary unsaturated fatty acids in 
the rumen. An additional complication in the structure of unsaturated 
fatty acids is that the double bonds can be found in one of two different 
three-dimensional orientations that result in markedly different physical 
characteristics. Double bonds can be in either “cis” or “trans” 
configurations. The presence of cis-configurations makes fatty acids more 
fluid (a lower melting point) than the presence of trans-configured bonds. 
All unsaturated fatty acids in naturally occurring plant lipids have only 
cis-double bonds. Trans-double bonds result from microbial modification 
of cis-double bonds, or also result from chemical hydrogenation. As 
hydrogens are added to unsaturated double bonds they are converted to 
single bonds, resulting in conversion of unsaturated to saturated fatty 
acids. The first step in these hydrogenation processes, whether microbial 
or chemical, is conversion from cis- to trans-orientation. Most natural 
lipids in feedstuffs are not free fatty acids. In oils, increasing free fatty 
acid content is a sign of rancidity. In dairy cow nutrition, nearly all long-
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chain fatty acids found as part of forage-derived glycolipids or the 
triglycerides in cereals or oilseeds will ultimately be converted to free 
fatty acids before they can be absorbed. In addition, fats supplemented to 
the diet as triglycerides, calcium soaps or salts of fatty acids and free 
saturated fatty acids all will be absorbed as free fatty acids. Like 
triglycerides, the degree of saturation affects the physical characteristics. 
Saturated fatty acids are solids at environmental and body temperature, 
while unsaturated fatty acids are fluid. Nonruminant animals cannot 
digest saturated free fatty acids very well, while ruminants like dairy 
cows have evolved elaborate mechanisms to be able to digest saturated 
fatty acids with high efficiency. This is essential because saturated free 
fatty acids constitute the main type of lipid reaching the intestine for 
absorption from “normal” or “natural” ruminant diets (Darkly, 2004). 
1.2.2 Digestion of fat in the rumen 
An extensive metabolism of lipid occurs in the rumen and this has a 
major impact on the profile of fatty acids available for absorption and 
tissue utilization (Bauman et al, 2003). Davis, (1990) provided an 
excellent schematic that illustrates the two major processes that occur in 
the rumen, hydrolysis of ester linkages in lipids and biohydrogenation of 
the unsaturated fatty acids as in Figure (4). Bauman et al, (2003) 
discussed the mechanism of how lipids interfere with ruminal 
fermentation and that it’s a complex model involving partitioning of lipid 
into the microbial cell membrane, potency of the lipid to disrupt 
membrane and cellular function, physical attachment of microbial cells to 
plant surfaces, and expression and activity of microbial hydrolytic 
enzymes. Lipolytic and hydrogenation rates vary with forage quality 
(stage of maturity and N content), surface area of feed particles in the 
rumen, and structural modifications of the lipid molecule that inhibit 
attack by bacterial isomerases. Although the fate of fatty acids in the 
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rumen continues to be studied, the current emphasis in ruminal lipid 
metabolism is on manipulation of physicochemical events in the rumen 
aimed at two practical outcomes:  
1. Control of antimicrobial effects of fatty acids so that additional 
fat can be fed to ruminants without disruption of ruminal fermentation 
and digestion. 
2. Regulation of microbial biohydrogenation to alter the absorption 
of selected fatty acids that might enhance performance or improve 
nutritional qualities of animal food products (Jenkins, 1993). 
 
Figure.4 Fat digestion in the rumen, reproduced from Davis, (1990). 
1.2.2.1 Hydrolysis 
When dietary lipids enter the rumen, the initial step in lipid 
metabolism is the hydrolysis of the ester linkages found in triglycerides, 
phospholipids, and glycolipids. Hydrolysis of dietary lipids is 
predominantly due to rumen bacteria with little evidence for a significant 
role by rumen protozoa and fungi or salivary and plant lipases. The 
hydrolysis of lipids is extracellular, and the glycerol and sugars that are 
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liberated are readily metabolized by the rumen bacteria. Rumen 
hydrolysis has been most extensively characterized in Anaerovibrio 
lipolytica which hydrolyzes triglycerides and Butyrivibrio fibrisolvens 
which hydrolyzes phospholipids and glycolipids (Harfoot and 
Hazlewood, 1997).  
 Clearly, although the extent of hydrolysis is generally high (> 85 %) 
a number of factors that affect the rate and extent of hydrolysis have been 
identified (Harfoot, 1981 and Doreau et al, 1997). Fore xample, the 
extent of hydrolysis is reduced as the dietary level of fat is increased 
(Beam et al, 2000) or when factors such as low rumen pH and ionophores 
inhibit the activity and growth of bacteria (Van Nevel and Demeyer, 
1995, 1996;   Demeyer and Doreau, 1999). 
1.2.2.2 Biohydrogenation of unsaturated fatty acids 
Biohydrogenation of unsaturated fatty acids is the second major 
transformation that dietary lipids can undergo in the rumen figure (4). It 
requires a free fatty acid to proceed and as a consequence rates are always 
less than those of hydrolysis, and factors that affect hydrolysis also 
impact biohydrogenation. Most biohydrogenation (>80%) occurs in 
association with the fine food particles and this has been attributed to 
extracellular enzymes of bacteria either associated with the feed or free in 
suspension (Harfoot and Hazlewood, 1997). 
 The major substrates are linoleic and linolenic acids - table (4) - and 
the rate of rumen biohydrogenation of fatty acids is typically faster with 
increasing unsaturation. For most diets linoleic acid and linolenic acid are 
hydrogenated to the extent of 70-95% and 85-100%, respectively (Doreau 
and Ferlay, 1994; Beam et al, 2000). This extensive level of 
hydrogenation is reduced when diets high in concentrates are fed, which 
can be attributed to inhibition of lipolysis at the low pH that is typically 
observed on these diets (Van Nevel and Demeyer. 1995, 1996b). 
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Hydrogenation is also adversely affected, when excessive 
unprotected lipid is present in the diet. How fat interferes with microbial 
fermentation is not clear, but is believed to result from either the coating 
of feed particles or a direct toxic effect on the rumen microorganisms 
(Jenkins, 1993). 
 Fish oil contains two long chain fatty acids, eicosapentaenoic acid 
(EPA; 20:5) and docosahexaenoic acid (DHA; 22:6) that are often 
included in rumen-protected lipid supplements to improve reproductive 
performance. The degree to which EPA and DHA are biohydrogenated in 
the rumen is still not well understood. Studies conducted in vitro 
suggested that there is little biohydrogenation of these two omega-3 fatty 
acids (Ashes et al, 1992 and Gulati et al, 1999). However, in vivo studies 
involving dietary supplements of fish oil indicated that much of the EPA 
and DHA is biohydrogenated, although to a lesser extent than typically 
observed for linoleic and linolenic acids (Chilliard et al, 2000; Wachira et 
al, 2000 and Scollan et al, 2001). 
Classical pathways of biohydrogenation were established using pure 
cultures of rumen organisms and these are presented in Figure (5). The 
rumen bacteria involved in biohydrogenation have been classified into 
two groups, A and B, based on their metabolic pathways (Kemp and 
Lander, 1984). To obtain complete biohydrogenation of polyunsaturated 
fatty acids (PUFA) bacteria from both groups are generally required 
(Figure1.2). Although Group A contains many bacteria that can 
hydrogenate PUFA to trans 18:1 fatty acids, only a few species 
characterized as Group B can hydrogenate a trans 18:1 fatty acid to 
stearic acid (Harfoot and Hazlewood, 1997). This feature of 
biohydrogenation explains why increased feeding of PUFA 
simultaneously causes an increase in the rumen concentration of 
monounsaturated fatty acids and a decrease in the concentration of 
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saturated fatty acids (Noble et al, 1974 and Fellner et al, 1995).                          
.                                               .   
 
Figure.5 Biochemical pathways for the biohydrogenation of linoleic and 
linolenic acids in the rumen adapted from Harfoot and Hazelwood, 
(1997). 
   The initial step in rumen biohydrogenation typically involves an 
isomerization of the cis-12 double bond to a trans-11 configuration 
resulting in a conjugated di- or trienoic fatty acid, Figure (5). Next is a 
reduction of the cis-9 double bond resulting in a trans-11 fatty acid. The 
final step is a further hydrogenation of the trans-11 double bond 
producing stearic acid , linoleic and linolenic acid pathways or trans-15 
18:1 (linolenic acid pathway). It is also possible to differentially affect 
steps in the biohydrogenation process. For example, dietary supplements 
of fish oil appear to inhibit the last step of biohydrogenation because they 
increase rumen outflow of trans 18:1 fatty acids and reduce the outflow 
of stearic acid (Wachira et al, 2000, Shingfield et al, 2003). Thus, 
supplements containing fish oils must primarily affect group B bacteria. 
Likewise, diets that cause a low rumen pH and the feeding of ionophores 
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inhibit the final step in biohydrogenation resulting in an accumulation of 
trans 18:1 fatty acids. However, the extent of the inhibition is much lower 
than their inhibition of hydrolysis (Van Nevel and Demeyer, 1995, 
1996b).         
 There are two key biohydrogenation intermediates trans-11 18:1 
(vaccenic acid; VA) formed from linoleic and linolenic acids and cis-9, 
trans-11 conjugated linoleic acid (CLA) formed in the biohydrogenation 
of linoleic acid. These intermediates are present in appreciable quantities 
in ruminant fat at a ratio of about 3:1, but in the rumen cis-9, trans-11 
CLA is only a transitory intermediate and instead it is VA that 
accumulates. The difference is because most of the cis-9, trans-11 CLA 
found in ruminant fat originates in the mammary gland and adipose tissue 
from endogenous synthesis involving the enzyme delta-9 desaturase with 
rumen-derived VA as the substrate reviewed by (Bauman et al, 2003). 
This discovery is of special importance in considerations of “designing 
foods” because cis-9, trans-11 CLA is among the most potent naturally 
occurring anti-carcinogens discussed by (Lock and Bauman, 2003). As 
analytical techniques improved, we have gained an appreciation of the 
complexity of the biohydrogenation processes occurring in the rumen. In 
addition to major pathways involving trans-11 18:1 and cis-9, trans-11 
CLA as intermediates, there must be many more pathways. A remarkable 
range of trans18:1 and CLA isomers are present and table (3) represents 
their outflow from the rumen based on limited data from growing cattle 
and lactating cows. 
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Table.3 Show double bond positions of trans 18:1 and conjugated 18:2 
fatty acids and their ruminal outflow (g/day) in growing and lactating 
cattle. 
Trans 18:1 Conjugated 18:2 
Isomer Ruminal outflow Isomer Ruminal 
outflow 
Trans-4 0.5-0.7 Trans-7 , cis-9 <0.01
Trans-5 0.4-0.6 Trans-7 , trans-9 <0.01-0.05
Trans-6-8 0.4-6.7 Trans-8 , cis-10 0.01-0.02
Trans-9 0.8-6.2 Trans-8 , trans-10 <0.01-0.10
Trans-10 1.7-29.1 Cis-9 , cis-11 <0.01-0.01
Trans-11 5.0-121.0 Cis-9 , trans-11 0.19-2.86
Trans-12 0.5-9.5 Trans-9 ,trans-11 0.22-0.55
Trans-13 +14 6.5-22.9 Trans-10 , cis-12 0.02-0.32
Trans-15 3.2-8.5 Trans-10 , trans12 0.05-0.06
Trans-16 3.1-8.0 Cis-11 , trans-13 0.01-0.10
Trans-11 , cis-13 0.01-0.46
Trans-11 , trans13 0.09-0.40
Cis-12 , trans-14 <0.01-0.05
Trans-12 , trans14 0.08-0.19
 Data derived from three studies where samples were collected from the 
duodenum (Duckett et al, 2002; Piperova et al, 2002) or omasum 
(Shingfield et al, 2003). 
Thus, many intermediates are formed in the ruminal 
biohydrogenation of PUFA and these are absorbed and incorporated into 
ruminant fat. Some of the isomers may be formed by chemical bond 
migration (Griinari and Bauman, 1999) and a portion of the trans 18:1 
isomers can be derived from oleic acid cis-9 18:1 (Mosley et al, 2002). 
We also know that diet and changes in the rumen environment can shift 
the pathways of biohydrogenation resulting in dramatic changes in the 
fatty acid intermediates. To date, this has been best characterized for diets 
that cause milk fat depression where a marked increase in trans-10, cis-12 
CLA and trans-10 18:1 content of rumen fluid and milk fat is generally 
 29
observed (Bauman and Griinari, 2003).  In fact Kim et al, (2002) recently 
identified a rumen bacterium, Megasphaera elsdenii that produces 
significant quantities of trans-10, cis-12 CLA. However, he claimed that 
the extent to which the various pathways of biohydrogenation are 
associated with specific enzymes and species of bacteria or represent a 
lack of specificity of the enzymes involved in biohydrogenation is 
unknown. 
1.2.3 Fat digestion and absorption in the small intestine 
 
Figure.6 Fat digestion in the small intestine of ruminants. Reproduced 
from Davis, (1990). 
Lipid entering the small intestine has shown that it is virtually 
identical to that leaving the rumen. Thus, there is no significant 
absorption or modification of the long and medium chained fatty acids in 
the omasum or abomasum. As a consequence of rumen metabolism as 
detailed in the previous section, the lipid entering the small intestine 
consists of fatty acids that are highly saturated, mainly palmitic and 
stearic acids. The total amount of lipid entering the duodenum often 
exceeds lipid intake and the greatest increase typically occurs with high 
forage based diets. Dietary lipid supplements can result in higher, similar 
or lower post-ruminal flows relative to fatty acid intake, due to the range 
of effects they can have on microbial lipid synthesis. Approximately 80-
90% of the lipid entering the small intestine is as free fatty acids attached 
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to feed particles. The remaining lipid components are microbial 
phospholipids plus small amounts of triglycerides and glycolipids from 
residual feed material, and these esterified fatty acids are hydrolyzed by 
intestinal and pancreatic lipases. Even when protected fats are fed to dairy 
cows, increases in the flow of triglycerides will be observed only when 
encapsulated lipids are fed. Calcium salts of free fatty acids are the 
predominant source of protected lipids fed to ruminants and these 
dissociate to some extent in the rumen, but dissociation is much more 
extensive under the highly acidic conditions of the abomasum. Therefore, 
dietary lipid supplements protected by the use of Ca salts add to the pool 
of free fatty acids that enters the small intestine. Fat absorption in the 
small intestine occurs in the jejunum and micelle formation is the key to 
efficient fatty acid absorption in all species. In non-ruminants, 
monoacylglycerols are required for micelle formation. However, due to 
the nearly complete hydrolysis of dietary fatty acids in the rumen these 
are absent from digesta present in the small intestine of the ruminant. 
This is compensated for by the secretions of bile and pancreatic juice 
prior to the jejunum Figure (6). Bile supplies bile salts and lecithin, and 
pancreatic juice provides enzymes to convert lecithin to lysolecithins and 
bicarbonate to raise the pH (Davis, 1990). Demeyer and Doreau, (1999) 
reported that Lysolecithins, together with bile salts, desorb fatty acids 
from feed particles and bacteria, and this allows formation of the 
micelles. Once micelles are formed they are taken up by the epithelial 
cells of the jejunum where the fatty acids are re-esterified into 
triglycerides and then packaged into chylomicrons (Bauman et al, 2003). 
1.2.4 Microbial lipids 
A portion of the fatty acids found in the rumen are phospholipid 
components of microbial membranes. The rumen microorganisms derive 
these from denovo synthesis (mainly 16:0 and 18:0) and the uptake of 
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preformed fatty acids, mainly PUFA (Jenkins, 1993;Harfoot and 
Hazlewood, 1997). Thus, the level of fat supplementation and its 
composition can affect the fatty acid composition of the rumen 
microorganisms (Bauchart et al, 1990; O’Kelly and Spiers, 1991). 
Demeyer and Doreau, (1999) estimated that the bacteria may contribute 
up to 17% of the lipid flowing from the rumen when a corn silage diet is 
fed using data pooled from five studies. 
1.2.5 Lipids in dietary supply 
The primary sources of lipid in the ruminant diet are forages and 
concentrates, although the lipid content can be increased by the use of fat 
supplements (Bauman et al, 2003). Forages typically contain 4 to 6% of 
the dry weight of the leaf tissue as lipid, of which the major lipid class is 
glycolipids (Harfoot, 1981). The lipid content of concentrates is usually 
higher than that of forages, and the majority is present in the form of 
triglycerides. Fat supplements that are by-products of rendering and 
vegetable oil refining industries contain the lipid predominantly as 
triglycerides whereas rumen protected supplements of Ca-salts are 
comprised of free fatty acids (Bauman et al, 2003).  
 The diet of lactating dairy cows typically contains 4 to 5% fat. 
Higher levels may adversely affect rumen microbial fermentation so the 
general recommendation is that total dietary fat should not exceed 6 to 
7% of dietary dry matter (Jenkins, 1993; Doreau et al, 1997 and NRC, 
2001). 
The first requirement for diet formulation is to determine the lipid 
content of the diet. Palmquist and Jenkins, (2003) compared methods 
used to determine dietary lipid and discussed some of their practical 
limitations. Soxhlet ether extraction (EE) method is the most common 
analytical procedure, The EE methods can also extract non-fatty acid 
material that has no nutritive value, and as a consequence EE 
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overestimates the lipid content of the diet, depending on the type of feed 
stuff.  
Palmquist, (1988) found that the nutritive value is primarily 
associated with the fatty acids and their content can be as high as 80% of 
the EE for concentrates to less than 50% for forages.  To account for this 
in feeding systems, Allen, (2000) used the limited published literature and 
developed an equation to predict total fatty acid content from dietary 
values of ether extract. In turn, a modified version of this equation 
adopted by NRC, (2001) where: Total fatty acids = EE – 1. Clearly, the 
accuracy of predicting fatty acid content from EE values will vary by diet 
and dietary component. 
Table.4 Representative fatty acid composition of some typical feedstuffs 
and fat supplement 
Feedstuff 
Fatty 
acid % 
Pasture 
grass 
Corn Tallow RP Fatb RP 
Fat/Reorob
14:0 1 - 3 1 2 
16:0 16 16 25 43 40 
16:1 2 - 6 - - 
18:0 2 2 18 4 4 
18:1 3 30 39 34 29 
18:2 13 47 5 8 7 
18:3 61 2 1 - - 
20:5 - - - - 2 
22:6 - - - - 2 
The double bonds in naturally occurring unsaturated fatty acids in 
table (4) which is adapted from (Palmquist, 1988) are almost exclusively 
in the cis configuration; generally, forage sources contain a higher 
concentration of linolenic acid (18:3; cis-9, cis-12, cis-15), whereas 
linoleic acid (18:2; cis-9, cis-12) is the predominant fatty acid in cereal 
grains and seeds  . Unsaturated fatty acids such as these are susceptible to 
alteration during processing and storage. The lipids in forages can be 
altered during anaerobic fermentations that occur during ensiling, and 
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unsaturated fatty acids present in forages as well as concentrates will also 
decline over time as a result of slow oxidation (Van Soest, 1982). 
1.3 Normal hematology 
1.3.1 General physiologic and environmental influences 
`Excites and emotional state are variables to be considered when 
establishing reference values in domestic ruminants. Despite the range 
and sensitivity of technology used, cattle, sheep, and goat blood reference 
values are uniformly broad (Jain, 1986; Archer and jefcott, 1977; Mbassa 
and poulsen, 1992). Domesticated, cattle, sheep, and goats may have little 
or no direct physical contact with humans; therefore, when sampling 
occurs, the animals must be physically restrained and become 
emotionally upset. Reports of reference values seldom include such 
variables as exact age, emotional state, history, form of restraint, ambient 
temperature, state of hydration, or parasite burdens (Kramer, 2000). 
The numerous reference values for domestic cattle, sheep, and goats 
have been reported and revealed few hematologic breed differences. 
Breed differences have been reported for beef cattle, which have greater 
red blood cells (RBCs) values than dairy cattle breeds, as well as sheep 
with different hemoglobins and goats with differing cell shapes. Care 
must be taken to use reference values that include similar environmental 
conditions aid seasons as well as physiologic variables observed the 
experimental population (Kramer, 2000). 
Lactating cows have consistently lower white blood cells (WBCs), 
(RBCs), and plasma protein values than do nonlactating cows (Jain, 
1986). Seasonal, environmental changes influence blood values in all 
species; differing oxygen tensions of altitudes alter the erythron. The 
greater the altitude, the lower O2 tension and the higher the erythron 
reference ranges. Some Western-American altitude experience two 5000- 
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foot elevation changes a year that result in a packed cell volume (PCV) 
change of 10 to 15%. In the spring they are moved from low winter 
pastures to high spring and summer pastures and then back down in the 
autumn. Seasonal parasite burdens also alter the complete blood cell 
(CBC) count (Kramer, 2000). Any increase over the normal RBCs and 
WBCs values usually observed after handling is due to excitement or 
strenuous exercise (Gartner et al, 1969; Coles, 1980 and Egbe-Nwiyi, et 
al 2000).    
1.3.2 Erythrocytes 
1.3.2.1 Morphology 
Ovine RBCs discussed by Jain, (1986) and Kono, (1977) showed 
that it has an appreciably broad range Table (5).  This breadth may reflect 
the range in elevation at which sheep are raised. Caprine RBC is discoid, 
but the Angora breed frequently has a high percentage of fusiform RBCs. 
The fusiform configuration is the result of hemoglobin polymerization 
but is associated with any of the species electrophoretically defined 
hemoglobins (Kramer, 2000). Any increase over the normal RBCs value 
usually observed after handling is due to excitement or strenuous exercise 
(Gartner et al, 1969 and Egbe-Nwiyi, et al 2000). This leads to the release 
of adrenaline and hence spleen contracts and this causes the release of 
more RBCs into circulation. It is only psychological tranquillization that 
can reduce the splenic influence (Schalm et al, 1975and Egbe-Nwiyi, et 
al 2000) 
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Table.5 Normal blood values for sheep.  
  Range Mass 
Erythrocytes (x 106/µL) 9-15 12.0 
Hemoglobin (g/dL) 9-15 11.5 
PCV (%) 27-45 38 
MCV (IL) 28-40 34 
MCH (Pg) 8-12 10.0 
MCHC (%) 31-34 32.5 
Erythrocytic 
series 
RBC diameter (µm) 3.2-8.0 4.5 
Plasma proteins (g/dL) 6.0-7.5  
Fibrinogen (mg/dL) 100-500  
Thrombocytes (x 103) 1100-800 500 
RBC life span (days) 140-160  
Miscellaneous 
data 
Myeloid erythroid ratio 0.77-1.7 1.1 
Total leukocytes/Μl 4000-12.000 8000 
Neutrophil (band) Rare - 
Neutrophil (seg) 700-8000 2400 
Lymphocyte 2000-9000 5000 
Monocyte 0-750 200 
Eosinophil 0-1000 400 
Leukocytic 
series 
Basophil 0-300 50 
Neutrophil (band) Rare - 
Neutrophil (seg) 10-50 30.0 
Lymphocyte 40-75 82 
Monocyte 0-8 2.5 
Eosinophil 0-10 5.0 
Percentage 
distribution 
Basophil 0-3 .5 
     Summarized literature data from Jain, (1986). 
1.3.2.2 Hemoglobin  
Studies of hemoglobin's tetrameric peptides,α and β chains, are the 
foundation of population and molecular genetics. Ruminant hemoglobins 
are of particular interest because of the large amount of polymorphism, 
which occurs between species, breeds, and within the individual as it 
develops from embryo to adult. The polymorphism is greatest in the 
chain. As in many other species, ruminants have two hemoglobin types. 
Embryonal type (HbE) to maintain a dam to in utero O2 gradient, and 
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adult type (HbA) for the ex utero environment. Transition from HbE to 
HbA begins in utero and may not be complete until months after birth. 
Like humans, cattle, sheep, and goats have a third hemoglobin, fetal 
hemoglobin (HbF), which replaces HbE in utero. As gestation progresses 
to the paranatal period, bovine HbF is gradually replaced by HbA. As the 
prenatal RBCs live out their lives, HbF-containing cells give way to 
HbA-containing RBCs (Kramer, 2000). 
Sheep and goats have a unique fourth hemoglobin type, HbC. The 
HbC replaces HbF at birth; within a few months, HbA replaces it. 
Although HbC and 1-IhA have the same O2 affinities at arterial p O2, 
HbC’sO2 affinity is lower than HbA in the hypercapnic, hypoxic 
peripheral environment. A unique feature of I HbC and HbA of sheep and 
goals that is absent in HbE or HbF is the ability to switch HbC and HbA 
on and off by erylhropoietin (Barker et al, 1980). 
All goats studied have HbC, but only sheep with HbA phenotypes 
A ( )B22βα  or ( )BA,22βα  express HbC, which makes up 15 to 30% of their 
total hemoglobin. Jain, (1986) said that Sheep with HbA phenotype 
A ( )B22βα  do not express HbC. By 30 days of a lamb’s life, nearly all of the 
HbC is displaced by HbA. Kids, however, express the HbC for as long as 
60 postnatal days which time the switch to HbC is complete (Kramer, 
2000). Erythropoietin (EPO) control of erythropoieses is well established. 
Because of EPO highly conserved structure across species lines, sheep 
are the subject of experimental studies of EPO’s control of erythropoieses 
(Wen et al, 1993). A unique feature of EPO is its direct control of the 
HbA to HbC shift (Barker et al, 1980). During gestation and at birth in 
bovine the hemoglobins types change and the erythrons size increases. At 
birth about 60 to 90% of the neonatal calf’s Hb is HbF and 9% of the 
RBCs reticulocytes. Fetal calves’ RBCs are less fragile and larger than 
the adult bovine’s RBCs. In early gestation, the bovine fetal RBCs have a 
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mean corpuscular volume (MCV) of approximately 95fL, but by birth it 
ha decreased to about 46fL. Prom birth to about 8 to 12 weeks of age, the 
MCV continues to decrease to approximately 37fL as the population of 
HbF RBCs is replaced by RBCs containing HbA. There is a trend in 
cattle for the size of the erythron to decline between 6 months to about 2 
years of age(Kramer, 2000).Veal calves raised solely on a diet of milk or 
milk replacer have lower erythron values than conventionally raised 
calves as the result of milk’s low iron content (Archer and jefcott, 1977). 
Although veal calves have lower erythron values than conventionally 
reared calves, they do not have clinical signs of anemia (Kramer, 2000). 
Hemoglobinuria occurs in young water-deprived calves with hypertonic 
plasma and microcytic, hyper tonic RBC When dehydrated calves are 
allowed to drink water freely, their plasma become hypotonic within 
minutes. In this hypotonic matrix, the hypertonic RBC rapidly absorb 
water and hemolyze before their RBC membrane can accommodate the 
change (Shimizu et al, 1979).There is a direct relationship between daily, 
abient temperature changes and hemoglobin concentration. As 
temperature rises, blood hemoglobin concentration increases. This 
fluctuation is considered to be an expression of water hypervolemia 
during the warmest part of the day (Kramer, 2000). 
1.3.2.3 Erythrocyte metabolism  
The metabolism of domestic animals erythrocytes has been 
reviewed by Harvey, (1998). Glucose consumption by bovine and ovine 
RBCs are similar at 0.6 and 0.7µmol/hr/mL of RBCs, but caprine RBCs 
consumption rate is about 3 times greater at 1.9 µmol/hr/mL of RBCs 
(Kramer, 2000). 
Energy–dependent membrane pump maintains high 
intraerythrocytic/plasma ratios in many species. Most cattle, sheep, and 
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goats have low Na and K intraerythrocytic to plasma gradients. Some 
cattle, sheep, and goats with specific autosomal recessive phenotypes 
have a high intraerythrocytic K gradient associated with blood groups 
(Harvey, 1998). Ferrous iron of oxyhemoglobins (OxHb) is constantly 
undergoing oxidation to ferric iron of methemoglobin (MetHb) by 
intercellular metabolic products. Erythrocytes normally contain a low 
concentration of MetHb that cyclicly reduced back to OxHb by the 
intraerythrocytic antioxidant system's enzyme, NADH methemoglobin 
reductase. When the quantity of MetHb reaches a certain point, 
polymerization occurs and the precipitate Heinz bodies result in both 
intravascular and extravascular hemolysis and its sequela hemoglobinuria 
(Kramer, 2000). 
Erythrocytic 2, 3 diphosphoglycerate (2, 3 DPG) accumulation 
modifies some species Hb but not in bovine, sheep, or goat. Ruminant feli 
and neonates have greater amounts of erythrocytic 2, 3 DPG than adults, 
which have relatively low amounts of erythrocytic 2, 3 DPG. However, 
unlike many other species, 2, 3 DPG is not bound to ruminant HbF and 
HbA. Cattle, sheep, and goat HbFs have sufficient inherent oxygen 
affinity to maintain fetal pO2 .The copper and zinc metalloenzyme 
superoxide dismutase was originally identified in cattle. Although dietary 
copper and zinc deficiencies can be characterized by reduced erythrocytic 
superoxide dismutase activity, its value as an in vivo antioxidant is 
unknown (Kramer, 2000). 
Another erythrocytic metalloenzyme of clinical diagnostic 
significance is selenium – containing glutathione peroxidase (GPX). 
There is direct correlation between metal deficiency and enzyme activity 
(Kramer and Hoffman, 1998). Although erythrocytic GPX is directly 
related to muscle disorder in ruminants, white muscle disease, it is 
inconsistently accompanied by methemoglobinemia. Hemolytic anemia is 
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not a routinely reported clinical feature of selenium deficiency in 
ruminants- Heinz bodies in selenium-deficient Florida cattle is reported to 
be resolved by selenium treatment (Harvey, 1998 and Mass et al, 1996). 
Whether the cause of the MetHb was selenium or not, was not clear 
(Kramer, 2000). 
The various hemoglobin types and erythrocyte metabolism of 
cattle, sheep, and goats do not appear to make theses species’ 
erythrocytes any more susceptible to oxidation more than those of other 
species. Cattle have intermediate amounts of the erythrocytic pentose 
phosphate pathway’s limiting enzyme activity, glucose phosphate 
dehydrogenase, and sheep and goats have appreciably less than other 
domestic species (Harvey, 1998). On occasion a ruminant’s diet and 
microflora combination can prove to be a determinant. When plants 
containing large amounts of nitrates or fertilizer nitrates are eaten, the 
microflora reduce the nitrate to nitrite, which when absorbed oxidizes 
OxHb to MetHb without Heinz body formation. Sulfoxide-containing 
kale and other Brassica sp are converted by rumen microflora to an 
oxidant that, when absorbed, produces Heinz body, hemolytic anemia. 
MetHb with arid without Heinz body formation and hemoglobinuria are 
associated with consumption of onion and rye grass as well as copper 
deficiency, toxicosis, and hypophosphatemia (Carlson, 1996 and Ogawa 
et al, 1989). 
1.3.3 Leukocytes 
The white blood cells (WBCs) are the soldiers of the body and 
their high counts may be due to increase or development of the immune 
systems of the animals at the early stage of life which they may not obtain 
from the colostrum of the dam (Coles, 1980; Schalm et al, 1975 and 
Egbe-Nwiyi, et al 2000).Aging results in WBC changes; in the first few 
weeks of life, neutrophils are the dominant WBC in calves, kids, and 
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lambs. By about 2 weeks of age, the lymphocyte has become the 
dominant WBC, with a neutrophil to lymphocyte ratio of 0.5 in calves 
and lambs and 0.6 in kids. As bovine adults age, the concentration of 
neutrophils and lymphocytes decrease but lymphocytes continue to be the 
dominant cell (Kramer, 2000). 
Pregnancy causes minor changes in RBCs and WBCs 
concentrations. At birth, endogenous corticosteroids response of 
excitement and stress produces neutrophilia and lymphopenia (Jain, 1986; 
Archer and jefcott, 1977). The magnitude of steroid induced neutrophilia 
is not as great in cattle, sheep, and goats as reported in dogs, cats and 
horses (Kramer, 2000). 
1.3.3.1 Neutrophils 
Cattle, sheep, and goats have a smaller granulocyte bone marrow 
reserve than many other species, as indicated by their myeloid to 
erythroid ratio of about 0.5 (Jain, 1986 and Bertarm, 1985).  This small 
granulocyte reserve is seen in peripheral blood as a neutroponia in the 
early granulopoictic response to suppurative inflammatory disorders. 
Once the granulopoiesis is accelerated, a regenerative necrophilia 
develops (Jain, 1986). 
Many domestic species have two types of cytoplasmic granules, 
secondary and primary granules, but cattle, sheep, and goats have third a 
granule, which gives the bovine neutrophil its eosinophilic cytoplasm 
(Bertarm, 1985).In cattle, this third neutrophil granular is larger than the 
primary and secondary granular and occupies twice the cytoplasmic space 
as they do in sheep and other domestic species. The bovine's neutrophils 
granules have more activity than the cytoplasm granules of nonruminaant 
species. In sheep these large granules occupy less space and the 
cytoplasm is more of a granular eosinophinophilic texture (Kramer, 
2000).   
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Cytochemical and immunocytochemical staining reveals a range of 
enzyme and substrates in ruminant neurtrophils (Jain, 1986 and Harvey, 
1998). Lysozyme, an enzyme common to many species, is not found in 
the neurtrophils of cattle, sheep, or goats. Immunocytochemical cell 
membrane antigens serve to add to the specificity of neutrophil 
characterization (Kramer, 2000). 
1.3.3.2 Eosinophils  
The ruminant’s Eosinophil’s band to bilobed nucleus is surrounded 
by numerous, small, uniformly round, intensely stained red, retractile, 
cytoplasmic granules in sparse basophilic cytoplasm. Ovine eosinophil 
granules are unique in containing a crystal ultra structure, which is 
sometimes seen with the light microscope as a dark nevus in the granule 
(Kramer, 2000). 
1.3.3.3 Basophils 
The basophil of sheep, cattle, and goats is a sparse cell of the same 
size as the eosinophil, with electron-dense, numerous, small, intensely 
blue-staining granules some times masking the nucleus. Basophils 
occurring at such low concentrations are not reliably quantified by the 
100- cell differential cell method (Kramer, 2000). 
1.3.3.4 Lymphocytes  
As in most species, the ruminant neonate begins life with fewer 
lymphocytes than granulocytes. In a matter of months, their concentration 
doubles and by of age they make up 70 to 80% of the total WBCs. The 
lymphocytes constituted majority of the WBCs counts and the cells 
increase with age in early life of animals this is favored as stated in the 
findings of Milson et al, (1960); Wilkins and Hodges, (1962) and Egbe-
Nwiyi, et al (2000) and it might be attributed to stress and immune 
response to the environment (Cole, 1980 and Egbe-Nwiyi, et al 2000). 
 42
After a few years, a slow decline of lymphocytes occurs. The age-related 
fluctuations in lymphocytes concentration exemplify the need related 
reference values, but its effect of the T-and B-cell subsets is not clear 
(Jain, 1986 and Bendixen, 1965). 
Bovine lymphocytes are 8 to 15µm in diameter and are described 
in the three sizes. Small lymphocytes have a small volume, round 
neucleus containing a densely staining chromatin pattern elliptically 
located in a small volume of clear to gray – blue cytoplasm. The sparsity 
of the cytoplasm and density of the chromatin suggest that the small 
lymphocytes may be metabolically dormant or at the least less active than 
the forms of lymphocytes. In comparison to small lymphocytes, the 
medium lymphocytes have larger, round to indented – shaped nuclei in 
which the same amount of chromatin is spread over greater area, 
revealing lighter staining parachromatin adjoining areas of condensed 
chromatin. The cytoplasmic volume of medium lymphocytes is also 
greater than that seen in the small lymphocyte and more encircles the 
eccentrically placed nucleus. Large lymphocytes have an even larger, 
lighter staining nucleus and more cytoplasm than the medium sized 
lymphocyte. This large lymphocyte has a round or indented or deeply 
cleaved centrally placed nucleus. These lymphocytes are frequently 
confused with the monocytes and are sometimes called transitional 
lymphocytes like monocytes, large lymphocyte’s cytoplasm stains blue to 
gray and sometimes contain small clear vacuoles. Unlike the monocyte, 
the lymphocyte’s nucleus does become bilobed and the two cell’s 
cytochemical and immunocytochemical staining are different. Variable 
shapes, sizes, and numbers of magenta cytoplasmic granules are 
frequently seen in a focal arrangement in the lymphocytes of cattle, 
sheep, and goats and may serve to identify the large bovine lymphocyte. 
A granular large lymphocytes and monocytes are ultrastructurally 
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inseparable, and cytochemical and immunocytochemical staining are 
needed to separate these two cell types. Chromatin centers, nucleolar 
rings, and nucleoli are seen with a low frequency in Wright’s stained 
normal bovine lymphocytes, and caution must be taken in using these 
features as evidence of neoplasia. Lymphocytes of sheep and goals do not 
have unique features. They are most commonly of the small and medium 
size, and confusion with monocytes is less of problem than it is in cattle. 
Their sparse lymphocyte cytoplasm is blue to gray, and the variably sized 
and shaped magenta granules are frequently seen in a large proportion of 
lymphocytes present but with unknown significance (Kramer, 2000). 
1.3.3.5 Monocytes  
The ruminant monocyte is a round to convolute -shaped cell from 
13 to 19 am in diameter. It has a large indented to bibbed nucleus 
containing a diffuse dim chromatin pattern in a gray cytoplasm containing 
line, small, indistinct, magenta to eosinophilic granules. Vacuoles are 
common and more irregular in shape than those seen in some large 
lymphocytes (Kramer, 2000). 
1.3.4 Platelets  
Ruminant platelets in Wirght's – stained peripheral blood are 
distributed singly in aggregates with variable size and shape with 
azurophilic granules. Cytoplasmic projections are rare. Normal 
circulating survival time is thought to be about 10 days. Giant platelet 
forms and pseudopodia are associated with recent proliferation from 
megakaryocytes. The ultrastructure of the bovine platelets of extensive 
invaginations of surface membrane (Kramer, 2000). 
1.3.5 Iron 
Iron is the second most abundant metal and the fourth most 
common element in the earth's crust. Despite this great natural 
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abundance, most iron in nature exists in the oxidized, insoluble, ferric 
(Fe3+) form that is largely unavailable for most biological systems. Free 
iron can catalyze the formation of free radicals that damage cellular 
membranes and DNA. Intracellular iron, therefore, is bound to or 
incorporated into various proteins to reduce its toxicity. Those proteins 
are responsible for the absorption, transport, storage, and biological 
activity of iron. Any study of iron metabolism involves a study of the 
physiologic compounds associated within it (Andrews and Smith, 2000). 
Iron exists in the following compartments hemoglobin, storage, 
myoglobin, labile iron, tissue iron and transport. The compartments are 
defined by anatomic distribution, chemical characteristics and function 
(Fairbanks and Beutler, 1995). 
1.3.5.1 Iron Absorption 
Iron absorption occurs predominantly in the duodenum and upper 
jejunum (Muir and Hopfer, 1985). The mechanism of iron transport from 
the gut into the blood stream remains a mystery despite intensive 
investigation and a few tantalizing hits. A feedback mechanism exists that 
enhances iron absorption in people who are iron deficient. In contrast, 
people with iron overload dampen iron absorption. The physical state of 
iron entering the duodenum greatly influences its absorption however. At 
physiological pH, ferrous iron (Fe2+) is rapidly oxidized to the insoluble 
ferric (Fe3+) form. Gastric acid lowers the pH in the proximal duodenum, 
enhancing the solubility and uptake of ferric iron. When gastric acid 
production is impaired (for instance by acid pump inhibitors such as the 
drug, prilosec), iron absorption is reduced substantially. A number of 
dietary factors influence iron absorption. Ascorbate and citrate increase 
iron uptake in part by acting as weak chelators to help to solubilize the 
metal in the duodenum. Iron is readily transferred from these compounds 
into the mucosal lining cells (Conrad and Umbreit, 1993). 
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Mechanism of iron Absorption 
Conrad and Umbreit, (1993) hypothesized that iron transport is 
based on identification of iron binding proteins at several key sites. They 
proposed that mucins bind iron in the acid environment of the stomach, 
thereby maintaining it in solution for later uptake in the alkaline 
duodenum. According to their model, mucin-bound iron subsequently 
crosses the mucosal cell membrane in association with integrins. Once 
inside the cell, a cytoplasmic iron-binding protein, dubbed "mobilferrin", 
accepts the element, and shuttles it to the basolateral surface of the cell, 
where it is delivered to plasma. In this model mobilferrin could serve as a 
rheostat sensitive to plasma iron concentrations. Fully occupied 
mobilferrin would dampen mucosal iron uptake, and while the process 
would be enhanced by unsaturated mobilferrin. Heme is absorbed by 
machinery completely different to that of inorganic iron. The process is 
more efficient and is independent of duodenal pH. Consequently meats 
are excellent nutrient sources of iron. In fact, blockade of heme 
catabolism in the intestine by a heme oxygenase inhibitor can produce 
iron deficiency (Kappas et al, 1993). The paucity of meats in the diets of 
many of the people in the world adds to the burden of iron deficiency. 
Lead is a particularly pernicious element to iron metabolism. Lead is 
taken up by the iron absorption machinery, and secondarily blocks iron 
through competitive inhibition. Further, lead interferes with a number of 
important iron-dependent metabolic steps such as heme biosynthesis 
(Goya, 1993). This multifacted attack has particularly direct 
consequences in children, were lead not only produces anemia, but can 
impair cognitive development. Lead exists naturally at high levels in 
ground water and soil in some regions, and can clandestinely attack 
children's health. 
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1.3.5.2 Transport compartment 
 Iron is transported between some compartments by plasma 
transferrin. Crichton and Wauters, (1987) reported that transferrin is a 
single polypeptide chain glycoprotein of approximately 700 amino acids 
(molecular weight: ~80,000 Da). It contains two branched 
oligosaccharide chains that are attached to asparagines residues. It has a 
dilobal structure, the N- and C-terminal halves form separate globular 
lobes connected by a short helix, each half caries one iron-binding site 
that requires concomitant binding of one carbonate or bicarbonate ion 
with each atom of iron. Iron as a ferric ion is bound tightly at neutral pH, 
but is dissociated when the pH is less than 5.5 (Andrews and Smith, 
2000). 
In domestic animals, plasma transferrin type is a polymorphic trait 
and can be used for parental exclusion. The genetically related, 
electrophoretic variability resides in both the polypeptide chain and the 
oligosaccharide side chains (Stratil and Glasnak, 1981; Maeda et al, 
1984; Andrews and Smith, 2000). The transfer of iron from transferrin to 
cells requires internalization of the iron-laden transferrin molecule.                 
Ferrotransferrin binds to the transferrin receptor at neutral pH. The 
receptor-ferrotransferrin complex collects in specialized sites on the 
plasma membrane called coated pits. These pits are coated on the inner 
surface with a fibrous protein, clathrin. The coated pit region of the 
membrane then can invaginate to form a vesicle, with the cell's outer 
plasma membrane and receptor-ferrotransferrin complex as the inner 
surface and the clathrin coat as the outer surface. The vesicles are 
converted into structures with the acronym CURL (compartment of 
uncoupling of receptor and ligand). An enzyme in the endostomal 
membrane exploits the energy stored in adenosine triphosphate to pump 
portions into the CURL lumen and, thus, lower the internal pH. At the 
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lower pH, transferrin's affinity for iron is decreased, and the iron is 
released. Iron-free apotransferrin remains bound to its receptor and is 
transported back to the cell surface. When the coated vesicle reaches the 
surface, iron-free apotransferrin is released from the receptor because the 
affinity between the two is low at neutral pH. The iron-free apotransferrin 
can enter the blood plasma to bind more iron, and the receptor can be 
used to bind more ferrotransferrin. The free iron must escape from the 
CURL, cross the mitochondrial membrane and be incorporated into 
heme. The exact mechanism for free-iron movement remains unknown 
(Varsat et al, 1983; Varsat and lodish, 1984 and Andrews and Smith, 
2000). 
The amount of iron delivered to immature erythrocytes depends on 
the plasma iron concentration, percent iron saturation, and the number of 
membrane receptors (Huebers et al, 1985). When the percentage of 
transferrin containing iron is low, most transferrin is monoferric, as the 
percentage increases, the diferric form increases. The same authors said 
that the amount of iron delivered increases in two ways because (1) the 
payload of the diferric molecules is twice that of monoferric transferrin 
and (2) diferric transferrin has a higher affinity for the membrane receptor 
than monoferric transferrin and, thus, is preferentially bound to available 
receptors. The receptor number is probably increases when erythropoiesis 
is increased (Andrews and Smith, 2000). Plasma iron in laying hens is 
high (greater than 500 µ/dL) and approximately two third of it is bound to 
a specific phosphoprotein, phosvitin. It is responsible for transporting 
iron to ovocytes and egg yolks. The average egg contains approximately 
1 mg of iron (Kolb, 1963; Andrews and Smith, 2000).   
1.3.5.3 Storage 
 Iron is stored in various tissues as either a soluble, mobile fraction 
(ferritin) or as insoluble, aggregated deposits (hemosiderin). Stored iron 
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concentration is the major factor affecting the relative distribution of iron 
between ferritin and hemosiderin in mammals. At low storage levels, 
more iron is stored as ferritin than as hemosiderin (Torrans and Bothwell, 
1980). As the amount of iron increase, the hemosiderin portion increases. 
Both hemosiderin and ferritin iron are available to the body. The liver and 
spleen usually have the highest storage iron concentrations, followed by 
the kidney, heart, skeletal muscles and brain (Underwood, 1970; Andrews 
and Smith, 2000). 
1.3.5.3.1 Ferritin    
  Crichton and Wauters, (1987) said that Ferritin consists of protein 
(apoferritin) and iron. Apoferritin is composed of 24 monomers of at least 
two subunit types, designated H and L. The H subunit is predominant in 
heart ferritin and is larger 21,000 Da than the L subunit. The L subunit 
occurs in the liver and spleen and has a molecular weight of 19,000 Da. 
Other tissues have ferritins made up of various ratios of H and L subunits. 
The H:L ratio is species and tissue specific and varies from 1:9 in a 
horse's spleen to 8.5:1 in a horse's heart  (Andrews and Smith, 2000). 
The mineral core of ferritin is hydrated ferric oxide with some 
phosphate. Iron passes through the pores in the apoferritin coat as the 
ferrous ion. Once inside the shell, it must be oxidized to the ferric form, 
hydrolyzed, and polymerized to the ferric oxyhydroxide polymer. Iron 
can exit ferritin by reversing the process. The physiologic compounds 
involved in reducing the iron back to the ferrous form have not been 
determined (Crichton and Wauters, 1987; Andrews and Smith, 2000). 
 1.3.5.3.2 Hemosiderin 
 Although structurally hemosiderin seems similar to ferritin, it has a 
higher iron-to-protein ratio. It may be formed from soluble cytosol 
ferritin by lysosomal action (Richler, 1984). Hemosiderin is insoluble in 
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water and remains in tissues processed for histologic examination. It 
appears in unstained sections as clumps or granules of golden refractile 
pigment and stains readily with the Prussian blue reaction (Andrews and 
Smith, 2000).  
1.3.5.4 Tissue iron compartment 
 Although the amount of iron in this compartment is small, it is 
extremely important. Almost half of the enzymes of the tricarboxylic acid 
cycle either contain iron or require it as a cofactor. The iron compounds 
can be classified according to (Dallman et al, 1978; Andrews and Smith, 
2000) into four categories: 
1. Heme-containing compounds are structurally similar to hemoglobin 
and include myoglobin, catalase, peroxidase, and cytochromes. 
Cytochromes a, b and c are located in the mitochondria and are 
important in oxidative phosphorylation. Other cytochromes (such as 
cytochrome P-450) are located in the endoplasmic reticulum and 
function in the oxidative degradation of endogenous compounds and 
drugs. 
2. Nonheme iron-containing enzymes form another large group that 
includes iron in nonheme such as iron sulfur compounds and 
metalloflavoprotein. This group includes xanthine oxidase, cytochrome 
c reductase, succinate dehydrogene, and nicotinamide adenine 
dinucleotide dehydrogenase, which contains more iron in mitochondria 
than in cytochromes. 
3. Enzymes requiring iron or heme as a cofactor include acontiase and 
tryptophan pyrrolase. 
4.Enzymes containing iron in an unknown form include ribonucleotide 
reductase and a-glycerophosphate. 
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1.3.5.5 Iron excretion 
The average adult stores about 1 to 3 grams of iron in his or her 
body. An exquisite balance between dietary uptake and loss maintains 
this balance. About 1 mg of iron is lost each day through sloughing of 
cells from skin and mucosal surfaces, including the lining of the 
gastrointestinal tract (Cook et al, 1986). Menstruation increases the 
average daily iron loss to about 2 mg per day in premenopausal female 
adults (Bothwell and Charlton, 1982). No physiologic mechanism of iron 
excretion exists. Consequently, absorption alone regulates body iron 
stores (McCance and Widdowson, 1938). 
1.3.6 Ceruloplasmin  
Harris, (1996) reported that copper plays an important role in 
transporting iron across membranes, most of he circulating copper in 
plasma is attached to the serum glycoprotein, ceruloplasmin. 
Ceruloplasmin has ferroxidase activity and may be needed to deliver iron 
into the circulation. When pigs were exposed to copper deficiency, they 
have hypoceruloplasminemia and signs of a functional iron deficiency. 
Iron accumulates in the liver, the macrophage-phagocytes system, and the 
enterocytes. Presumably, this iron deficiency results from the inability to 
mobilize the iron from these sites (Lee et al, 1968). Harris et al, (1995) 
concluded that a genetic defect in the ceruloplasmin gene, in humans, 
cause aceruloplasminemia and systemic hemosiderosis.  
1.3.7 Tests for evaluating iron metabolism  
1.3.7.1 Hematology 
 With certain constraints, hematologic examination can be used to 
evaluate iron adequacy. Blood is obtained easily and hemoglobin iron 
represents the largest iron pool. However, iron is preferentially shunted 
from other iron pools to hemoglobin synthesis (Nathanson and Mclaren, 
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1984). Thus, hemoglobin may be the last pool to show the effects of iron 
inadequacy. Stohlman et al, (1963) concluded that a high concentration of 
hemoglobin in metarubricytes is a signal to stop cell division and to 
extrude the nucleus. During severe iron deficiency, hemoglobin synthesis 
in immature erythrocytes is slowed, and nucleated erythrocytes continue 
to divide. Erythrocytes released into the circulation are small and show 
increased central pallor because of low hemoglobin content. Nucleated 
red cells may be released into circulation. Hematologic indices have been 
used to assess the biological availability of iron in diets, and to determine 
the iron requirements of various species, in spite of the drawbacks. If the 
erythrocyte number, packed cell volume and hemoglobin are determined, 
three erythrocyte indices can be calculated; mean corpuscular 
hemoglobin, mean corpuscular volume, and mean corpuscular 
hemoglobin concentration. Classically, all three indices decrease in iron-
deficiency anemia. However, similar changes can occur in any deficiency 
or disease that inhibits hemoglobin synthesis, such as pyridoxine-
responsive anemia or copper deficiency (Andrews and Smith, 2000).  
1.3.7.2 Serum iron  
  Serum iron declines in severe iron deficiency, acute-phase 
inflammatory reactions, hypoproteinemia, hypothyroidism, renal disease, 
and chronic inflammation. It may be elevated in hemolytic anemia, 
refractory anemia, iron overload, and liver disease (Handy, 1979). 
Measurement of serum iron, therefore, is unreliable as a predictor of total 
body iron stores (Andrews and Smith, 2000). 
1.3.7.3 Serum total iron-binding capacity 
 Total transferrin can be measured by immunologic methods, but 
the technique is not used commonly. Transferrin usually is measured in 
terms of iron content after it has been saturated with iron. When 
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transferrin is saturated with iron, the iron content is called the total iron-
binding capacity (TIBC). Because transferrin can bind more iron than is 
normally present, the TIBC is greater than the serum iron, and the 
difference between them is the unsaturated iron-binding capacity (UIBC). 
Thus serum iron can be expressed as a percentage of the TIBC and 
reported as the percent saturation (Henry et al, 1974; Andrews and Smith, 
2000).  
1.3.7.4 Serum ferritin 
 Although ferritin functions as an iron storage compound and is 
primarily intracellular, it can be detected in serum. In humans, serum 
ferritin concentrations correlate with total-body iron stores. They are low 
in iron deficiency and high in iron overload (Adison et al, 1972 and 
Wallers et al, 1973).Serum ferritin is assayed in antibody-driven reactions 
such as radioimmunoassay and enzyme-linked immunosorbent assay. 
Unfortunately, the antibodies against ferritin are usually species specific, 
that is, an antibody against human ferritin does not cross-react with horse 
ferritin (Richter, 1967). Thus, for each new species, ferritin must be 
isolated, and antibody must be made, and the assay conditions must be 
developed. Despite this difficulty, serum ferritin has been measured and 
correlates significantly with nonheme iron in the liver and spleen of 
horses, pigs, cows, dogs, and cats, but not in rats (Smith et al, 1984 and 
Ward et al, 1977). In calves, serum ferritin increases after iron therapy 
(Miyata, 1984). Serum ferritin can be increased in several conditions that 
are not related to body stores of iron. It is an acute-phase protein and 
increases during inflammatory reactions when interleukin-1 is produced. 
Clinically, serum ferritin should be monitored relative to other acute-
phase proteins such as haptoglobin, fibrinogen, or C-reactive protein, 
because it is possible for the low serum ferritin associated with iron 
deficiency to be elevated into the normal range by a concurrent infection 
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(Lorrier et al, 1985). Serum ferritin also can be increased during liver 
disease, hemolytic diseases, and some neoplastic disorders (Newlands et 
al, 1994). Serum ferritin increases and ransferrin decreases with 
malnutrition in cattle (Furugouri, 1984; Andrews and Smith, 2000).  
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Chapter two 
Materials and methods 
 
This experiment was conducted in the department of Biochemistry 
Faculty of Veterinary Medicine, University of Khartoum (U.K) to 
investigate the effect of feeding commercial oil of N. sativa to sheep on 
the hemogram and iron metabolism. The experimental period was 
extended for eight weeks starting from March 2007. 
2.1 Experimental animals 
 Twelve young male sheep (Hammary × Desert), were used .Their  
ages range from 3 to 6 month’s and   weights from 13 to 26 kg. Nine of 
them were obtained from the (U.K) animal farm, the other three sheep 
were purchased from a local market 10 km western Omdurman .All 
animals were weighted in the (U.K) animal farm and divided into two 
groups of similar weights. Kept for two weeks as adaptation period and 
fed commercial fattening diet plus (Barseem). 
2.1.1 Housing 
 Each sheep was kept in a single separate cage. All animals were 
kept  under identical condition and management .   
 Before getting into cages: 
1. Sheep were washed by cypermetherin solution (1 ml in 1 liter); used 
for external parasites in cages and farms; L060501, MEDMC. Jordon, 
International Ambala for Development. Khartoum. 
2. Cages were sterilized by cypermetherin solution of concentration (2 
ml in 1 liter). 
 3.  Sheep were divided into two groups according to their weights, each 
group contain 6 animals. 
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 After getting into cages, all animals were treated using 
antimicrobial drugs, each animal was treated by 
1. Ivermectin (ivomic) manufactured by Shanghai Gongyi, Veterinary 
medicine plant: 0.5 ml subcutaneously for protection against internal 
parasites,  
2. Rasomycin-5(Oyxtetracycline); manufactured by Star Laboratories 
(P.V.T) L.T.D: Which is abroad spectrum antibiotic with 
abacteriostatic action , injected intramuscularly I.M according to the 
body weight ,10 mg per kg  b.w , one dose per day for 3 days. 
3.  Furosemide (Fruosemide 10 mg per ml); manufactured by Lab. 
Renaudin. France. Batch: 072674: belongs to group of medicines 
called loop diuretics which are used to get rid of excess water from the 
body. One sheep, which was odematous, injected intramuscularly I.M, 
one dose per day for 3 days. 
4. Ultravit m; manufactured by AVICO. (L.T.D).Jordon: Contain all 
necessary vitamins and minerals required for growth and reproduction 
(it’s also used in cases of stress and post vaccination). It was added as 
0.5 g /liter of drinking water for 7 days. 
2.2 Feeding program  
 During the adaptation period (which was 2 weeks) all Sheep were 
supplied with feed composed of the grass and a pelted concentrate: 
1. They were put on (green fodder Trifolium Alexandrium, Barseem) ad 
libitum. 
2. For the concentrate, Kenana fattening ration was used early in the 
morning as 1 kg  per day for each animal. 
3.  Water was offered ad libitum. 
Component of Kenana fattening ration 
1. Sorghum    2. Molasses  
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3. Wheat brain   4. Groundnut cake 
5. NaCl    6. CaCo3 
7. Urea    7. Bagass                                    
 
Table.6 Approximate analysis of kenana ration. 
D.M. 
dry matter 
Crude 
protein 
Crude 
fiber 
Crude 
fat Ash 
87% 17.5% 11.9% 2.3% 11.2% 
The N. sativa oil was prepared by selecting the seeds from the local 
market, then seed samples were germinated in the laboratory, and that the 
viable seeds were purchased and compressed with in the same place in 
the local market. Then the oil was preserved in a dark container and 
stored until used. 
During the treatment period (which was 6 weeks long), animals 
were treated as follow: 
Group A received the commercial oil of the N. sativa as daily 
requirement mixed with the concentrates, as treated group, while the 
second group received N. sativa oil deficient concentrates as control 
group. According to the general recommendation that the total dietary fat 
should not exceed 6 to 7% of dietary dry matter and that higher levels 
may adversely affect rumen microbial fermentation (Jenkins, 1993; 
Doreau et al, 1997 and NRC, 2001), so that 47 gm of the N. sativa oil 
were added to each 1 kg of the concentrate.  
Group A received Barseem + Kenana concentrate mixed with N. 
sativa oil. 
Group B received Barseem + Kenana concentrate. 
2.3 The viability test of the N. Sativa seeds 
The viability of the N. sativa seeds, selected from a local 
commercial source was confirmed by germination test according to Ista, 
(1976).  Germination is defined as the emergence and development from 
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the seed embryo of those essential structures which are indicative of the 
seed's capacity to produce a normal plant under favorable conditions 
(Ista, 1976). 
 Before taking seeds for testing, germination test can be performed 
at home by the following instructions:             
1. Spread 200 seeds evenly over new or clean jute sacks that have been 
soaked in water.  
2. Cover the seeds with another wet jute sack.  
3. Roll up the jute sacks with the seeds inside and store them in the 
shade for 7 days. Keep the rolled sacks moist for the entire period. 
Do not let them dry out.  
4. Make three sets of 200 seeds.  
5. At the end of 7 days, count the normal seedlings that have developed. 
(Normal seedlings will have well-developed roots and shoots.)  
6. All three sets of germinated seeds should have a germination rate of 
at least 85%. A germination rate of 85% is 170 normal seedlings for 
each set of 200 seeds. 
          If the germination rate of the seeds is 85% or higher, the seeds can 
be packed. In the laboratory the environmental conditions, including 
moisture, temperature, aeration and light, must not only be specific 
enough to initiate germination but also favorable for the development of 
the seedlings to a stage where interpretation of normal and abnormal 
types may be made. With a few exceptions, all germination tests should 
be made with pure seeds. The pure seed must be well mixed and counted 
at random into replicates. The seeds should then be spaced uniformly on 
the test substrate. Normally one test consists of 400 seeds in 4 replicates 
of 100 seeds each, but if 100 seeds overcrowd the test substrate, the 
replicates may be broken down into a larger number of smaller replicates 
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of 50 or 25 seeds each.  A general recommendation is to leave 1.5 to 5 
times the normal seed width or diameter between seeds, in order to 
discourage the spread of fungal moulds. 
2.4 Sample collection   
 Blood samples were collected early in the morning from each 
animal from the jugular vein with minimal excitement. 2ml of the blood 
from each animal were collected in ethylene diamine tetracetate (EDTA) 
vacutainers and transported to the laboratory for hematological analysis; 
the samples were analyzed immediately within two hours after collection. 
Another 5ml of the blood of each animal were collected in a plane tube, 
incubated over night in the refrigerator and then separated using the 
centrifuge (Hettich) at 4000 r.p.m for 5 minutes. Then the serum was 
preserved in the freezer at 22 oC for further tests.    
2.5 Biochemical methods 
2.5.1 Determination of plasma ceruloplasmin activity 
Principle 
  Houchin, (1958) presented a procedure that fulfilled the need for a 
rapid method to determine ceruloplasmin concentration through copper 
oxidase activity that is quantitative, required apparatus usually found in 
clinical laboratories, only minimal amounts of serum were used, and is 
simple to manipulate. The procedure utilized the optical density produced 
on the oxidation of para-phenylenediamine by the copper oxidase, then 
the optical density is calibrated to ceruloplasmin. 
Materials required  
• Spectrophotometer read at 525 nm. 
• Pipettes   with disposable plastic tips. 
• Water bath. 
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Reagent  
• Para-phenylenediamine (PPD). 
• Acetate buffer; 20 ml glacial acetic acid plus 163 g sodium acetate, 
NaC2H3O2, 3H2O, diluted to one liter with distilled water, ionic 
strength 1.2, pH 5.2 ± 0.05. 
• 0.02% sodium azide. 
Procedure 
1. 0.1ml serum was added to (1.0 ml freshly prepared 0.1% (PPD) in    
acetate buffer at 37oC). 
2. All tubes were incubated for 15 minutes at 37oC. 
3. 5.0 ml of 0.02% sodium azide were added to the mixture to stop the 
reaction. 
4. Optical density (O.D.) was measured at 525 nm in the 
spectrophotometer. The optical density (O.D.) was determined within 30 
minutes if water blank was used or 5 hours if colour was read against a 
reagent blank to allow for auto-oxidation of the PPD. 
5. A serum blank is unnecessary provided a reagent blank is used (an 
average reading of 0.455 was obtained when read against a serum blank 
prepared by adding 0.1 ml serum to a reagent blank containing the azide 
then incubating for 15 minutes contrasted to an optical density of 0.46 
when read against a reagent blank - 1 ml reagent, without serum added, 
incubated 15 minutes, then the azide added). 
Calculation 
        Calculations made by using the formula y = a + b x, where: 
y= ceruloplasmin concentration in mg per 100 ml. 
x= ceruloplasmin activity measured in optical density. 
a= -1.7, and b = 150. 
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2.5.2 Total iron binding capacity (TIBC) 
Principle 
Serum iron is bound to transferrin, but only about one third of the 
iron binding sites are saturated with iron. The unsaturated iron-biding 
capacity of transferrin (UIBC) denotes the available iron-binding sites of 
serum. The amount of iron that serum transferrin can bind when 
completely saturated with an excess of Fe+3 is the total iron-binding 
capacity (TIBC).The method measures the TIBC by first saturating the 
transferrin with excess of Fe+3. The remaining iron is adsorbed with 
magnesium carbonate, and once the binding process is complete the 
chelator is removed by centrifugation, and an assay for iron content 
performed in the supernatant. From this measure the TIBC value is 
obtained. When the serum iron (SI) determination is performed 
concurrently with the TIBC and the result substracted from the TIBC 
value, the difference yields the unsaturated iron-binding capacity (UIBC), 
or seric transferrin not bound to iron (Zak; Epstein, 1965 and 
International Committee for Standardization in Hematology, 1984). . 
Reagent composition   
R1 Iron solution 500 µg/dL Fe+3 µmol/L) 
R2  Magnesium carbonate. Magnesium hydroxide carbonate powder. 
Auxiliary kit iron ferrozine (REF) 1135005 
Materials required  
• Colorimeter capable of measuring at 560 ± 20 nm. 
• Pipettes   with disposable plastic tips. 
• Centrifuge tubes, iron free. 
• Vortex mixer. 
• Desktop centrifuge.  
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Procedure 
Adsorption 
 
1. Reagents and samples were brought to room temperature. 
2. Pipetted into disposable centrifuge tubes. 
3. Mixed and allowed to stand for 5-20 minutes at room temperature. 
4. One scoop was Added to each tube (approx. 100 mg) of R2 and 
allowed to stand for 30 minutes, mixed vigorously at 5-minute 
intervals. 
5. Centrifuged for 10 minutes at 3000 r.p.m. 
6. The clear supernatant was separated off. 
Colorimetry 
The total iron kits were brought to room temperature and proceded 
with the determination of iron from an aliquot of the supernate. 
Calculation 
TIBC = µg/dL supernate × 3(dilution factor). 
Transferrin saturation (%) = TSAT = Serum Iron × 100  
                                                       TIBC 
2.5.3 Serum iron  
One can measure serum iron to assess the transport compartment. 
Conditions of sample collection are particularly important. Most 
evacuated containers used for routine serum collection are satisfactory. 
However, if zinc is to be determined, special trace element tubes are 
required, because most stoppers are contaminated with zinc (Handy, 
1979). Although plasma may be used, the anticoagulant should be tested 
for iron content. Samples must be handled carefully to avoid post 
Sample 1  Sample 0.5 ml Ratio R1 = 2  
R1  1.0 ml  Dilution factor = 3 
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sampling contamination. Glassware must be cleaned carefully with acid 
solution. Disposable plastic containers and tubes offer an acceptable 
alternative and usually do not require acid cleaning (Andrews and Smith, 
2000).  
Principle 
The Fe+3 bound to serum ferritine once dissociated in a week acid 
medium by Teepol and guanidium chloride, is reduced by hydroxylamine 
to Fe+2, forming the ferrous ion a colored complex with Ferrozine 
proportional to the concentration of iron present in the sample (Carter; 
Anal, 1971 and Artiss et al, 1981). 
pH < 5 
Transferrine-Fe+3 
Teepol 
Apotransferrine +  Fe+3 
Fe+3 + Hydroxylamine   Fe+2 
Fe+2 + Ferrozine   Fe (Ferrozine)3+2 complex 
Reagent composition 
R1: Buffer reductant guanidine chloride 1.0 mol/L, hydroxylamine 0.6 
mol/L, acetate buffer 400 mmol./L pH 4.0, Teepol. 
R2:  Chromogen. Ferrozine 40 mmol/L, sodium acetate 400 mmol/L. 
CAL: Iron standard. Ferric ion 100 mg/dl (17.9 µL). 
Reagent preparation 
Working reagent, 4 volumes R1 + 1 volume of R2 were mixed, stable 6 
months at 2-8 Co. 
Samples 
Serum from fasting early morning samples. Specimen centrifuged 
as soon as possible after collection. Iron serum is stable for 3 weeks at 2-
8 Co and for about 7days at 20-25   Co. Must be freezed for longer storage.   
Materials required 
• Colorimeter capable of measuring at 560 ± 20 nm. 
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• Pipettes with disposable plastic tips to measure reagents and 
samples. 
• Disposable plastic tubes for the tests. 
Procedure 
1. Reagents and samples were brought to room temperature. 
2. Pipetted into labelled test tubes. 
Tubes Reagent blank 
Sample 
blank Sample Standard 
Distilled water 200 µl
Sample 200 µl 200 µl
Standard 200 µl
R1 1.0 ml
Working reagent 1.0 ml 1.0 ml 1.0 ml
 
3. Tubes were Mixed and let to stand 5 minutes at room temperature. 
4. Reading the absorbance (A) of the sample blank was obtained at 560 
nm against distilled water. 
5. Reading the absorbance (A) of the samples and the standard was 
obtained at 560 nm against the reagent blank. 
Calculation 
A sample + A sample blank 
A standard 
X  C standard  - µg/dl ion
Samples with concentrations higher than 1000 µg/dl were diluted 
1:2 with saline and assayed again, then the result was multiplied by 2. If 
results are to be expressed as Sl units apply:     µg/dl x 0.179 = µmol/L.  
2.5.4 Determination of serum transferrin  
        Serum transferrin can be measured from total iron binding capacity 
(TIBC) according to Varley et al, (1980) from the following equation: 
Serum transferrin (micromole/l) = TIBC (micromole/l)   
                                                                           2 
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2.6 Hematological methods 
The hematological estimations were done by using the cell counter 
(Mythic-18, ORPHEE company; Switzerland, Id: 102405-000639), this 
instrument can estimate 18 blood parameter within 15 seconds. 
2.6.1 Mechanism of action 
 Impedance method    
The method in which blood cells can create electric resistance 
according to their diameter, which then can be detected by the 
galvanometer. The cell counter uses this method to estimate the total 
erythrocyte count, the total leukocyte count and the differential count. 
 Colorimetric method  
The method based on the conversion of the hemoglobin by means 
of drabkin's solution (0.2g potassium cyanide, 0.2 potassium ferricyanide, 
and 1g sodium bicarbonate per one liter of distilled water) to 
cyanomethemoglobin concentration was measured in g/dl of blood.       
Centrifugation method 
Mythic cell counter provided with a microhematocrit centrifuge to 
measure the (PCV) percentage within few seconds. 
 Calculation method  
Mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH) and Mean corpuscular hemoglobin concentration (MCHC), were 
then calculated automatically from the RBC count, Hb or PCV.  
Schalm et al, (1975) reported that packed cell volume PCV can be 
determined by the microhematocrit method, Erythrocytes and leucocytes 
can be determined manually and Hb can be measured by using the 
cyanmethemoglobin method. The mean corpuscular hemoglobin 
concentration (MCHC) the mean cell volume (MCV) and the mean 
corpuscular hemoglobin were calculated by the formulas:  
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MCV (in cubic microns) =  
 
MCH (pg)                       = 
 
            
MCHC (%)                    = 
 
2.7 Statistical design  
The experiment was designed by the complete randomized design 
(CRD); factorial arrangement 2×4. Where 2 indicate two groups (A; 
treated and B; control), and 4 indicate times (0, 2, 4 and 6 weeks).Data 
generated from the experiment were statistically analyzed by analysis of 
variance (ANOVA) as in Gomez and Gomez, (1978). Then means were 
separated by Duncan’s multiple range test to determine the significant at 
0.05% level of probability according to Duncan, (1955). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           PCV (%) × 10  
RBC count in million/m3 
         Hb (g/dl) × 10  
RBC count in million/m3 
Hb (g/dl) × 100 
PCV (%)
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Chapter three 
Results 
 
3.1 Hematological parameters 
3.1.1 Red blood cells (RBCs)  
Table (7) and figure (7) present the effect of N. sativa oil on 
(RBCs) in sheep. There was no significant differences between the N. 
sativa oil treated group and the control during the overall experimental 
weeks. 
 In group A there was  no significant difference when week six is 
compared to time zero and other weeks, only showed significant (P<0.05) 
increase when compared to week two. In group B there was no significant 
difference overall weeks. The total mean of N. sativa treated group was 
slightly higher compared to the control group, but not significantly 
different.  
3.1.2 Hemoglobin (Hb) 
 Table (8) and figure (8) show the effect of the addition of N. sativa 
oil to the diet of the sheep on the level of the hemoglobin. The total mean 
of the treated group is not significantly different when compared to the 
control over all weeks, but the hemoglobin total mean of the treated 
group (A) was a little bit lower compared to the control group (B). In 
group A, week six showed significant (P<0.05) increase compared to all 
other weeks, also week four showed significant (P<0.05) increase when 
compared to week two, which showed significantly (P<0.05) reduced 
value compared to all other weeks. In group B  week six also showed 
significant  (P<0.05)  increase compared to all other weeks, but week four 
and week two are not significantly different compared to time zero.   
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Table.7 The effect of feeding N. sativa oil on red blood cells in sheep 
(Means x 106/µL ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
±S.E for group (g) = .277  
 ±S.E for time (t) = .391  
±S.E for interaction (t.g) = .553   
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. . 
 
 
 
Dependent  
Variable 
           Week 
/ Group Zero time 2
nd Week 4th Week 6th Week   Group total mean 
A 7.73abA 7.16bA 7.77abA 8.07aA 7.679A 
B 7.38aA 6.56aA 7.70aA 7.89aA 7.380A RBCs       ( x 106/µL) 
       Time      
total mean 
  
7.553a 
 
6.858a 
 
7.732a 
 
7.976a 
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Table.8 The effect of feeding N. sativa oil on hemoglobin in sheep  
(Means g/dl± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
±S.E for group (g) = .144 
±S.E for time (t) = .204 
±S.E for interaction (t. g) = .288    
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
 
Dependent  
Variable 
 Week / 
Group Zero time 2
nd Week 4th Week 6th Week Group total mean 
A 9.60bA 8.65cA 9.77bA 10.57aA 9.646
A 
 
B 9.33cbA 8.50cA 9.97bA 10.95aA 9.688
A 
 Hb (g/dl) 
   Time   
total mean 
  
9.467b 
 
8.575c 
 
9.867b 
 
10.758a 
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The total time mean values in table (8) showed no significant 
increase from time zero to week six, except the significant (P<0.05) 
decrease in week two.  
3.1.3 PCV  
  Table (9) and figure (9) show the effect of adding 4.7% N. sativa 
oil to the diet on PCV in sheep. There was no significant difference 
between all groups overall weeks. The total mean of the treated group 
was slightly higher than that of the control, but was not significantly 
different. 
3.1.4 MCH  
 Table (10) and figure (10) present the effect of addition of N. 
sativa oil to sheep diet on MCH level. There was no significant difference 
between the two groups overall weeks. But the total mean of the treated 
group was lower than the level in the control and the total time mean in 
week six was higher compared to the other weeks, but was not 
significantly different.  
3.1.5 MCV   
The effect of the addition of 4.7% N. Sativa oil to the diet on MCV 
level in sheep present in table (11) and figure (11).There was no 
significant difference between the two groups over all weeks, with the 
total mean of the treated group slightly higher than that of the control, but 
not significantly different. 
In group A there was no significant difference overall weeks, but in 
group B there was significant (P<0.05) decrease in week six and week 
two compared to time zero and week four. 
3.1.6 MCHC  
Table (12) and figure (12) show the effect of the addition of 4.7% 
N. sativa oil to the diet on MCHC in sheep. N. sativa oil treated group 
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Table.9 The effect of feeding N. sativa oil on PCV in sheep 
(Means % ± S.E), n=6 
±S.E for group (g) = .960 
±S.E for time (t) = 1.357 
±S.E for interaction (t.g) = 1.920 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
Dependent  
Variable Group  /Week Zero time 2
nd Week 4th Week 6th Week Group     total mean
A 20.53a A 19.40aA 22.23aA 22.23aA 21.100
A 
 
B 21.25aA 17.98aA 22.17aA 21.25aA 20.663
A 
 PCV (%) 
Time  total 
mean 
 
              
20.892a 
 
18.692a 
             
22.200a 
 
21.742a  
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Table.10 The effect of feeding N. sativa oil on MCH in sheep 
(Means Pg ± S.E), n=6 
 
 
 
 
 
 
 
 
 
                  
±S.E for group (g) = 1.109  
           ±S.E for time (t) = .784 
 ±S.E for interaction (t.g) = .555 
 Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
 Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
 n= number of replication 
 A=treated group. 
 B=control group.  
 
Dependent    
Variable Group /Week  Zero time 2
nd Week 4th Week 6th Week Group       total mean 
A 12.48aA 12.13aA 12.60aA 13.18aA 12.600
A 
 
B 13.48aA 13.73aA 13.62aA 14.43aA 13.817
A 
 MCH (Pg) 
Time          
total mean 
 
28.742a 
 
29.433a 
 
28.675a 
 30.842
a  
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Table.11 The effect of feeding N. sativa oil on MCV in sheep 
 (Means x 103/µ ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
 
±S.E for group (g) = 1.550 
±S.E for time (t) = 3.099 
±S.E for interaction (t.g) = 2.192 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
 
Dependent  
Variable 
 Week / Group Zero time 2nd Week 4th Week 6th Week    Group     total mean 
A 28.65aA 31.52aA 28.55aA 34.73aA    30.863
A 
 
B 28.83aA 27.35bA 28.80aA 26.95bA  27.983A     MCV(103/µ)
     Time    
total mean 
  
28.742a 29.433a 28.675a 30.842a  
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Table.12 The effect of feeding N. sativa oil on MCHC in sheep 
(Means g/dl ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
±S.E for group (g) = 4.260 
±S.E for time (t) = 3.013 
±S.E for interaction (t.g) = 2.130 
Means in the same column followed by similar small letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar capital letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
Dependent  
Variable 
Week / 
Group Zero time 2
nd Week 4th Week 6th Week Group       total mean 
A 44.10aA 45.10aA 44.37aA 48.05aA 45.404
A 
 
B 47.12aA 50.20aA 47.35aA 53.58aA 49.563
A 
 MCHC(g/dl) 
Time   
total mean
 
45.608a 
 
47.650a 
 45.858
a 50.817a  
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and the control group showed no significant difference when compared 
with each other overall weeks, but group A was slightly lower compared 
to the control.  
3.1.7 White blood cells (WBCs) 
The effect of addition of 4.7% N. sativa oil on white blood cells in 
sheep is present in table (13) and figure (13).The level of (WBCs) of the 
treated group kept nonsgnificantly lower values compared to the control 
group throughout the overall weeks of the experiment. The treated group 
and the control group showed similar pattern of significant (P<0.05) 
increase at week two which significantly (P<0.05) decreased at week 
four. Also both groups increased again in week six with significant 
(P<0.05) level in the control group. This behavior for the (WBCs) was 
clear and significant (P<0.05) in the values of the total time mean for the 
two groups. The values the two groups showed no significant difference 
throughout the experimental period, but the total group means reported 
significantly (P<0.05) higher value in the control group compared to the 
treated group.   
3.1.8 Lymphocytes  
Table (14) and figure (14) present the effect of the addition of 4.7% 
N. sativa oil on lymphocytes in sheep. N. sativa oil treated group showed 
no significant different when compared with the control overall weeks.  
The lymphocytes count in both groups showed similar pattern to 
the behavior of the total (WBCs) with significant (P<0.05) increase 
followed by significant (P<0.05) decrease and again significant (P<0.05) 
increase after six weeks compared to time zero. 
Group A that receive the N. sativa oil showed significant (P<0.05) 
increase in week six compared to time zero and week four. In group B 
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Table.13 The effect of feeding N sativa oil on white blood cells in sheep 
(Means x 103/µ ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
 
 
        ±S.E for group(g) 2.120 
±S.E for time (t) 4.241 
±S.E for interaction (t.g) 2.999 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
 
Dependent  
Variable 
Week / 
Group Zero time 2
nd Week 4th Week 6th Week Group        total mean 
A 6.92cA 35.82aA 18.57bcA 27.85abA 22.288
B 
 
B 10.35cA 49.2aA 29.9bA 47.08aA 34.133
A 
 
WBC         
(x 103/µ) 
Time      
total mean 
 
8.633c 
 
42.508a 
 
24.233b 
 37.467
a  
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Table.14 The effect of feeding N sativa oil on Lymphocytes in sheep 
                                                                   (Means x 103/µ ± S.E), n=6        
±S.E for group(g)= 1.888 
±S.E for time(t) = 2.671 
±S.E for interaction (t.g)= 3.777 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
Dependent  
Variable 
Week/ 
Group Zero time 2
nd Week 4th Week 6th Week Group           total mean 
A 4.75bA 33.03aA 15.02bA 26.75aA 19.888B 
B 7.39cA 40.13aA 24.37bA 41.05aA 28.235A Lymphocytes 
(x 103/µ) 
Time     
total mean 
 
6.070c 
 
36.583a 
 
19.692b 
 33.900
a  
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there was significant (P<0.05) increase in all weeks compared to time 
zero.  
3.1.9 Granulocytes  
 The effect of N. sativa oil on granulocytes in sheep is present in 
table (15) and figure (15).The results also showed no significant different 
between treated and control groups overall weeks.  
The count of the granulocytes for the two groups presented the 
same pattern that observed in the total (WBC) and the lymphocytes, that 
the levels were significantly (P<0.05) increased then significantly 
(P<0.05) decreased and significantly (P<0.05) increased  by the end of 
the experimental period. But the total time mean showed only significant 
(P<0.05) change at the sixth week. The level of the total group mean was 
also significantly (P<0.05) higher in the control group compared to the 
treated group.  
3.1.10 Monocytes  
Table (16) and figure (16) show the effect of the addition of 4.7% 
N. sativa oil to sheep diet on monocytes count. There was no significant 
difference between group A  that receive the N. sativa oil and group B,  
the control, in all weeks except in week four in which group A showed 
significantly (P<0.05) lower value compared to group B.  
The monocytes count showed different patterns in the treated group 
and the control. This was in contrast to other leucocytes behavior. The 
treated group showed significant (P<0.05) increase after two weeks then 
significant (P<0.05) decrease at week four which decreased further at 
week six, whereas the control group presented similar level at the second 
week compared to time zero which increased significantly (P<0.05) at 
week four and this level decreased slightly at week six 
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Table.15 The effect of feeding N. sativa oil on granulocytes in sheep                                                                
(means x 103/µ ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
 
±S.E for group(g)= .241 
 ±S.E for time(t)= .341 
±S.E for interaction (t.g) =.483 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
 
Dependent  
Variable 
 Week / 
Group Zero time 2
nd Week 4th Week 6th Week Group     total mean 
A 1.60bA 2.74abA 1.17cA 3.38aA 2.223
B 
 
B 1.60bA 4.77aA 1.83bA 5.13aA 3.333
A Granulocytes 
(x 103/µ)           Time  
total mean 
  
1.600b 
 
3.753b 
 
1.500b 
 
4.258a  
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Table.16 The effect of feeding N. sativa oil on monocytes in sheep 
(Means x 103/µ ± S.E), n=6 
 
 
 
 
 
 
 
 
 
 
 
 
  ±S.E for group (g) = 934 
  ±S.E for time (t) = 1.321 
±S.E for interaction (t.g) =. 1.868 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
Dependent  
Variable 
 
 Week / 
Group 
Zero time 2nd Week 4th Week 6th Week 
 
    Group 
 total mean 
A 2.65bA 10.43aA 2.45bB 0.73bA 
 
4.067A 
 
B 1.67bA 1.25bA 3.75aA 2.12abA 2.196A    Monocytes  (x 103/µ)        
Time  
total mean
 
          
2.158Ab 
 
            
5.842a 
 
          
3.100Ab 
 
1.425b  
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3.2 Biochemical parameters 
3.2.1 Transferrin saturation (TS %)   
The addition of 4.7% N. sativa oil to sheep diet is presented in    
table (17) and figure (17). TS% in N. sativa treated group was not 
significantly different compared to the control group overall weeks. 
Means of the control group showed gradual increase at week two and four 
respectively and then decreased at week six, while those of the treated 
group increased at week two and then decreased  at week four followed 
by another increase at week six, but not significantly different. 
The total mean of the treated group is lower than that of the 
control, but not significantly different. 
3.2.2 Ceruloplasmin  
          Table (18) and figure (18) present the effect of addition of 4.7% N. 
sativa oil to the diet on blood ceruloplasmin level in sheep. Values in N. 
sativa treated group was not significantly different compared to control 
group   overall weeks. The total time means showed significant (P<0.05) 
decrease by the end of week four compared to all other weeks. There was 
an increase in week six, but not significantly different compared to week 
zero and week two.  
In both groups, A and B there was significant (P<0.05) increase in 
week six compared to week four, and slight increase compared to week 
two, but not significantly different. The decrease in week six compared to 
time zero was not significantly different in both groups, but the decrease 
in the N. sativa oil treated group was less than that in the control group. 
3.2.3 Iron 
 Table (19) and figure (19) present the effect of the addition of 
4.7% N. sativa oil to the diet on blood iron level in sheep. The N. sativa  
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Table.17 The effect of feeding N. sativa oil on the blood transferrin level in sheep 
(Means %± S.E), n=6 
±S.E for group (g) = 9,129  
 ±S.E for time (t) = 12,911 
±S.E for interaction (t.g) = 18,258 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
Dependent  
Variable Group/Week Zero time 2
nd Week 4th Week 6th Week Group total mean 
A 62.67aA 103.78aA 68.67aA 75.67aA 77,696
A 
 
B 76.82aA 91.33aA 93.67aA 79.50aA 85,329A 
 
 
 
TS (%) 
 
 
 
 
Time total 
mean 
 
69.742a 
 
97.558a 
 
81.167a 
 77.583
a  
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Table.18 The effect of feeding N. sativa oil on the blood Ceruloplasmin level in sheep 
(Means mg/100ml ± S.E), n=6 
±S.E for group (g) = .550 
±S.E for time (t) = .777 
±S.E for interaction (t.g) = 1.099 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
Dependent Variable Week / Group Zero time 2
nd Week 4th Week 6th Week Group  total mean
A 5.18aA 3.75abA 1.46bA 4.50aA 3.721A 
B 7.15aA 3.93abA 1.17bA 5.33aA 4.392A Ceruloplasmin 
(mg/100ml) 
Time   
total mean
 
6.1625a 3.8375a 1.3125 b 4.9125a  
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Table.19 The effect of feeding N. sativa oil on the blood iron level  
(Means µg/dl ± S.E), n=6 
±S.E for group (g) =10,286  
±S.E for time (t) = 14,547 
±S.E for interaction (t.g) = 20,572 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
 
Dependent  
Variable 
Week / 
Group Zero time 2
nd Week 4th Week 6th Week 
Group     
total     
mean 
A 177.22aA 171.12aA 192.17aA 146.17aA 171,667
A 
 
B 175.57aA 212.04aA 154.83aA 149.73aA 173,043A 
 
 
 
Iron (µg/dl ) 
 
 
 
 
Time   
total mean 
 
176,392a 
 
191,578a 
 
173,500a 
 147,950
a  
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oil treated  group was not significantly different compared to control 
group overall weeks. 
  The total mean of the treated group was lower compared to the 
control, but not significantly different. The level in the treated group was 
lower in week two compared to the control group which showed obvious 
increase, but in the other weeks there was slight variation between the 
two groups. 
3.2.4 Total iron binding capacity (TIBC) 
 The effect of addition of 4.7% N. sativa oil to diet on TIBC in sheep 
is presented in table (20) and figure (20).  Means of the N. sativa treated 
group compared to control showed no significant difference throughout 
overall weeks, but the total mean of the treated group is higher 
significantly (P<0.05) compared to the level of the control group. Total 
time means showed no significant difference overall weeks. 
In group A, week two showed significant (P<0.05) decrease 
compared to time zero, but week six and week four showed no significant 
difference compared to time zero. In group B there was no significant 
difference in all weeks compared to time zero.   
3.3 Body weight 
 Table (21) and figure (21) present the effect of the addition of 4.7% 
N. sativa oil to the diet on sheep body weight. The total mean of body 
weight in N. sativa treated group was similar to control. Also there was 
no significant difference between treated and control group overall 
weeks.   
 There was significant (P<0.05) elevation in the weight from the 
starting of the experiment towards the last week for treated group, but in 
the control group the elevation was not significant. 
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Table.20 The effect of feeding N. sativa oil on the blood TBC level 
 (Means µg/dl ± S.E), n=6 
±S.E for group (g) = 23,175  
±S.E for time (t) = 32,775 
±S.E for interaction (t.g )= 46,351 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar small letters are not significantly different at (P > 0.05). 
n= number of replication 
A=treated group. 
B=control group. 
Dependent  
Variable 
Week / 
Group Zero time 2
nd Week 4th Week 6th Week Group   total mean 
A 320.00aA 172.17bA 300.00abA 291.50abA 
        
270,917A 
 
B 170.00aA 232.33aA 197.17aA 240.004aA 209,875B 
 
 
 
TBC (µg/dl)
 
 
 
 
Time        
total mean 
 
245,000a 
 
202,250a 
 
248,583a 
 265,750
a  
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Table.21 The effect of feeding N. sativa oil on the body weight in sheep 
(Means kg ± S.E), n=6 
  
 
 
 
 
 
 
Means in the same column followed by similar capital letters are not significantly different at (P > 0.05). 
Means in the same rows followed by similar letters small are not significantly different at (P > 0.05). 
 n= number of replication. 
A=treated group. 
B=control group. 
 
 
 
 
 
Dependent  Variable Week / Group Zero time 6th Week Total mean 
A 19.0bA 
(1.77) 
24.75aA 
(0.89) 
21.87A 
(2.88) Body weight (kg)  B 18.83aA 
(2.06) 
23.67aA 
(1.84) 
21.25A 
(2.42) 
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Chapter four 
Discussion 
 
4.1 The effect of feeding N. sativa oil to sheep on the 
hematological parameters 
4.1.1 Red blood cells (RBCs) 
          In the present study N. sativa oil has no effect on the total mean 
(RBCs) count, since there was no significant difference between the 
treated group and the control. This result agrees with Al-Jishi, (2000) 
who didn’t find any changes in blood cells when N. sativa was given to 
normal rats. 
 The decreased RBCs values observed in both groups in week two 
of this study is not easy to explain. It is well known that an increase over 
the normal RBCs value usually observed after handling is due to 
excitement or strenuous exercise (Gartner et al, 1969 and Egbe-Nwiyi et 
al, 2000). This leads to the release of adrenaline and hence spleen 
contracts and this causes the release of more RBCs into circulation. It is 
only psychological tranquillization that can reduce the splenic influence 
(Schalm et al, 1975and Egbe-Nwiyi et al, 2000). Babiker, (1998) showed 
that the red blood cells count  was increased gradually in all groups which 
received 2 and 10% w/w N. sativa and reached very high level after six 
weeks then slightly increased in week seven and this level was 
maintained at week eight. This may be due to differences in anatomical 
structure between rats and sheep. However in the present study the 
decrease seen in RBCs count after two weeks in the treated group, 
increased in week four and reached significantly (P<0.05) higher level in 
week six compared to week two, this increase may be due to the iron 
content of the N. sativa reported by Randhawa and Al-Ghamdi, (2002). 
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These effects were observed to be similar but not significant in the 
control group.  
4.1.2 Hemoglobin (Hb)  
In the present work N. sativa oil showed no clear effect on Hb in 
sheep, while Zaoui et al, (2002) reported that the effect of N. sativa oil in 
rats has been shown to increase the hematocrit and hemoglobin levels by 
6.4 and 17.4 %, respectively. Also Babiker, (1998) found that the effect 
of feeding different doses of the seeds of N. sativa 2 and 10% w/w for 
considerably long periods in male and female rabbits showed an increase 
in Hb levels in all groups. 
In the present work a similar pattern to what was observed in the 
RBCs count has been found in the level of Hb, but at week six the values 
were significantly(P<0.05) higher than in time zero in both the treated 
and control groups. 
4.1.3 PCV 
The N. sativa oil treated group total mean in the present work was 
similar to control group indicating no effect of the oil on PCV value in 
sheep. This comes on line with Tissera and Dissanayke, (2001) who 
found that the treatment with N. sativa oil for two months to the anemic 
patients showed that the Hb concentration has increased by 10% for the 
initial level. PCV and MCV also have increased, but not significantly. 
This result also agrees with Al-Jishi, (2000) who didn’t find any changes 
in blood cells when N. sativa was given to normal rats, but contradicted 
with Zaoui et al, (2002) who reported that the effect of N. sativa oil in 
rats has been shown to increase the hematocrit and hemoglobin levels by 
6.4 and 17.4 %, respectively. 
 89
4.1.4 MCH  
The N. sativa oil treated group total mean in the present work was 
similar to control group indicating no effect of the oil on MCH value in 
sheep. The pattern observed in MCH was similar to what was observed in 
RBCs and changes were also not significant. This contradicted with the 
finding of Tissera and Dissanayke, (2001) that the treatment with N. 
sativa oil for one month and two months to the anemic patients showed 
the gradual increase of hemoglobin percentage and the count of red blood 
cells, which will in turn increase the MCH value.   
4.1.5 MCV 
The N. sativa oil treated group total mean in the present work was 
similar to control group indicating no effect of the oil on MCV value in 
sheep. The pattern observed in MCH, PCV and MCV was similar to what 
was observed in RBC count though not significant since their values are 
dependant up on its value. This agree with the finding of Tissera and 
Dissanayke, (2001) that the treatment with N. sativa oil for one month 
and two months to the anemic patients showed the gradual increase of 
hemoglobin percentage and the count of red blood cells. In all the cases 
(except one) the MCV value was between 96 µm3 and 85 µm3. This 
indicates that most of them were in normocytic condition. After 2 months 
treatment the MCV increased to the average value of 109.8, which 
indicate the lack of iron. If the patients were treated also with the iron, 
these results may have been changed 
4.1.6 MCHC 
The N. sativa oil treated group total mean in the present work was 
similar to control group indicating no effect of the oil on MCHC value in 
sheep. The MCHC values are dependent upon RBC, Hb and PCV values. 
The result  come on line with the finding of  Tissera and Dissanayke, 
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(2001) that after the treatment with N. sativa oil for one month and two 
months to the anemic patient, the MCHC was always below the normal 
level and change was not significant. If the treatment had been associated 
with iron the result would have changed. 
4.1.7 White blood cells (WBCs) 
The white blood cells (WBCs) are the soldiers of the body and 
their high counts may be due to increase or development of the immune 
systems of the animals at the early stage of life which they may not obtain 
from the colostrum of the dam (Coles, 1980; Schalm et al, 1975 and 
Egbe-Nwiyi et al, 2000). 
The present study showed that the general effect of N. sativa oil on 
white blood cells in sheep produced significantly (P<0.05) lower value as 
total mean of WBCs of the treated group compared to the control .This 
result agree with Zaoui et al, (2002) who found that the effect of N. sativa 
oil in rats has been shown to decrease the counts of leukocytes and 
platelets by 15.5, 22, 16.5, 35 and 32 %, respectively. However, the result 
of this study disagree with Al-Jishi, (2000) who didn’t find any changes 
in blood cells when N. sativa was given to normal rats. During the 
experimental study, week two showed increased values in both groups 
compared to other weeks, other increase was also observed in week six 
but it was not significant in the treated group compared to week four. 
This may be due to the stress during sample collection, which could be 
attributed to physiological phenomenon i.e. excitement or strenuous 
exercise during handling (Coles, 1980 and Egbe-Nwiyi et al, 2000). 
 The N. sativa was known to have anti stress effect since many 
pharmacological studies have been conducted on the aqueous and 
methanol extracts of defatted N. sativa seeds to evaluate their effects on 
the central nervous system (CNS) and on analgesic activity. These 
observations suggested that the two extracts of N. sativa possess a potent 
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CNS and analgesic activity (depressant action especially in the case of the 
methanolic extract) (AL-Naggar et al, 2003). 
4.1.8 Lymphocytes  
In this study the general effect of N. sativa oil on lymphocytes in 
sheep also produced significant (P<0.05) reduction in total mean value of 
lymphocytes in the N. sativa oil treated group compared to the control 
.This result disagree with Al-Jishi, (2000) who didn’t find any changes in 
blood cells when N. sativa was given to normal rats, this may be due to 
differences in anatomical structure between rats and sheep.  
The lymphocytes were elevated in week two in both groups 
compared to other weeks this could also be due to the excitement and 
stress during sampling. The lymphocytes constituted majority of the 
WBCs counts and the cells increase with age in early life of animals this 
is favored as stated in the findings of Milson et al, (1960); Wilkins and 
Hodges, (1962) and Egbe-Nwiyi et al, (2000) and it might be attributed to 
stress and immune response to the environment (Cole, 1980 and Egbe-
Nwiyi et al, 2000), the lymphocyte counts in the animals in this study 
participated in the WBCs in sheep as it followed the same pattern during 
the experimental period. 
4.1.9 Granulocytes 
The total mean of the granulocyte count in the N. sativa oil treated 
group was significantly (P<0.05) lower compared to the control. This 
result come on line with Zaoui et al, (2002) who found that the effect of  
N. sativa oil in rats has been shown to decrease the counts of leukocytes 
and platelets by 15.5, 22, 16.5, 35 and 32 %, respectively, but is 
contradicted with Al-Jishi, (2000) who didn’t find any changes in blood 
cells when N. sativa was given to normal rats  and also contradicted with 
Meral et al, (2004) demonstrated that N. sativa L. treatment increased the 
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neutrophil percentage of WBCs compared to control level. The pattern 
followed in the count of the granulocytes was similar to the behavior of 
the WBCs and contributed in the total count result. 
4.1.10 Monocytes  
The Monocyte count total mean of the N. sativa oil treated group 
was not significantly different compared to the control, but in week four 
the treated group was significantly (P<0.05) lower compared to the 
control. This result contradicted with Al-Jishi, (2000) who didn’t find any 
changes in blood cells when N. sativa was given to normal rats, but come 
in line with Babiker, (1998) who reported that Monocytes fall 
significantly (P<0.05) after the first week from the application of N. 
sativa and the decrease continued regularly during the rest of the 
experiment. However a significant (P<0.05) increase was observed in the 
treated group at week two, but followed by significant (P<0.05) decrease 
in week four which decrease further in week six this effect was not 
observed in the control group. 
4.2 The effect of feeding N. sativa oil to sheep on the 
biochemical parameters 
4.2.1 Transferrin saturation TS% 
 In the present work the total mean of TS% in the N. sativa oil 
treated group is similar to the control group indicating no effect of the oil 
on TS% value in sheep. The level in the treated group increased to high 
value at week two compared to time zero, but the difference was not 
significant. 
4.2.2 Ceruloplasmin   
Copper plays an important role in transporting iron across 
membranes, most of the circulating copper in plasma is attached to the 
serum glycoprotein, Ceruloplasmin, which has ferroxidase activity and 
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may be needed to deliver iron into the circulation (Harris, 1996). When 
pigs were exposed to copper deficiency, they have 
hypoceruloplasminemia and signs of a functional iron deficiency (Lee et 
al, 1968). 
In the present work the total mean of the N. sativa oil treated group 
was similar to control group indicating no effect of the oil on blood 
ceruloplasmin level in sheep. The ceruloplasmin level in both, treated and 
control, groups showed significant (P<0.05) decrease at week tow which 
significantly (P<0.05) increased at week six but to lower level than in 
time zero, since the decrease in the N. sativa oil treated group was less 
than that in the control group. Then one can suggest that N. sativa oil may 
slightly prevent the decrease in ceruloplasmin level. This finding cِome on 
line with Meral et al, (2001) who demonstrated that treatment with N. 
sativa increased the lowered glutathiione (GSH) and ceruloplasmin 
concentrations in diabetic rabbits.  
4.2.3 Iron 
Serum iron can be measured to assess the transport compartment. 
Serum iron declines in severe iron deficiency, acute-phase inflammatory 
reactions, hypoproteinemia, hypothyroidism, renal disease, and chronic 
inflammation. It may be elevated in hemolytic anemia, refractory anemia, 
iron overload, and liver disease (Handy, 1979). This study showed that 
the N. sativa oil in sheep has no effect in the blood iron level and the total 
mean of the treated group was similar to the control. 
4.2.4 Total iron binding capacity (TIBC) 
 Transferrin usually is measured in terms of iron content after it has 
been saturated with iron. When transferrin is saturated with iron, the iron 
content is called the total iron-binding capacity (TIBC). Because 
transferrin can bind more iron than is normally present, the TIBC is 
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greater than the serum iron, and the difference between them is the 
unsaturated iron-binding capacity (UIBC). Thus serum iron can be 
expressed as a percentage of the TIBC and reported as the percent 
saturation (Henry et al, 1974). 
The amount of iron that serum transferrin can bind when 
completely saturated with an excess of Fe+3 is the TIBC. This study 
showed that the N. sativa oil in sheep produced significant (P<0.05) 
increase in the TIBC in the treated group compared to the control, this 
increase may be due to the iron content of the N. sativa reported by 
Randhawa and Al-Ghamdi, (2002). 
4.3 Body weight 
 This study showed that the N. sativa oil in sheep produces 
significant (P<0.05) increase in the body weight in the treated group, but 
it was not significantly different compared to the control group. This 
result is contradicted with Zaoui et al, (2002) who found that, significant 
slowdown of the body weight evolution was observed in N. sativa treated 
animals comparatively to the control group. This may be due to 
differences in anatomical structure between rats and sheep. 
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Conclusions 
 
The present study was conducted to investigate the effect  of the N. 
sativa oil on certain biochemical and hematological measures in small 
ruminants. The results concluded that feeding 4.7% N. sativa oil to sheep 
clearly affected some hematological and biochemical parameters tested. 
Thus  
1.    Red Blood Cells, Hemoglobin, PCV, MCV, MCH, and MCHC total 
mean of the N. sativa oil treated group in the present work is similar to 
control group, but Red Blood Cells (RBCs) count of the N. sativa oil 
treated group showed significant (P<0.05) increase at week six, whereas 
no significant change was observed in the control group. Hb 
concentration showed similar pattern to what was observed in the RBC 
count in both the treated and control groups. PCV, MCV, MCH, and 
MCHC weren’t affected by feeding N. sativa oil to sheep through out the 
experiment. 
2. The effect of N. sativa oil on white blood cells in sheep produced 
significantly lower value in total mean of (WBCs), lymphocytes, and 
granulocytes of the treated group compared to the control. The count of 
these cells presented the same pattern for the two groups, that the levels 
were significantly (P<0.05) increased then significantly (P<0.05) 
decreased and significantly (P<0.05) increased by the end of the 
experimental period. The Monocytes total means was similar in both 
groups, but the cells was significantly (P<0.05) lower in the N. sativa oil 
treated group compared to the control at week four. 
3.  Iron, Transferrin Saturation TS% and Ceruloplasmin total means of 
the N. sativa oil treated groups in the present work were similar to control  
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groups. Whereas Total Iron Binding Capacity (TIBC) total mean of the 
N. sativa oil treated group showed significantly (P<0.05) higher level 
compared to the control.  
Suggestions for further work 
1. Determination of the best dose for using N. sativa oil as feed 
additive. 
2. Increasing the duration of the study for better results. 
3. Evaluation of N. sativa oil effect compared to other compounds. 
4. Detection of the effect of the oil in the prevention and treatment 
of diseases such as cancer and diabetes milletes, in other species.   
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         Figure.7 Effect of feeding N. sativa oil on red blood cells in sheep. 
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      Figure.8 Effect of feeding N. sativa oil on hemoglobin in sheep  
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Figure.9 Effect of feeding N. sativa oil on PCV in sheep. 
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Figure.10 Effect of feeding N. sativa oil on MCV in sheep. 
 
 
  
  
0
5,000
10,000
15,000
20,000
25,000
30,000
35,000
40,000
Week 0 Week 2 Week 4 Week 6
Group A Group B
M
C
V
 1
03
/µ
 
 119
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
                  
 
 
 
 
Figure.11 Effect of feeding N. sativa oil on MCH in sheep. 
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Figure.12 Effect of feeding N. sativa oil on MCHC in sheep. 
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Figure.13 Effect of feeding N. sativa oil on white blood cells in sheep 
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Figure.14 Effect of feeding N. sativa oil on Lymphocytes in sheep 
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Figure.15 Effect of feeding N. sativa oil on Monocytes in sheep 
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Figure.16 Effect of feeding N. sativa oil on Granulocytes in sheep 
 
. 
 
 
M
ea
ns
 (x
 1
03
/µ
) 
0
1
2
3
4
5
6
Week 0 Week2 Week 4 Week 6
Time
Group A Group B
 125
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.17 Effect of feeding N. sativa oil on the blood Transferrin % level 
in sheep. 
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Figure.18 Effect of feeding N. sativa oil on the blood ceruloplasmin level 
in sheep. 
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  Figure.19 Effect of feeding N. sativa oil on the blood TIBC level  
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Figure.20 Effect of feeding N. sativa oil on the blood iron level.  
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Figure.21 Effect of feeding N. sativa oil on sheep body weight 
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